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RECORDS 

/ 
THE GEOLOGICAL SURVEY OF INDIA 

Part 4 J lS^24 LJune 

Henky'Hubert Hayuen: Born July 25Th 1869. 
• Died August 192}. 

IT is with th« grcntost relict that 1 have to record the death et 
,Sir Tlenry Jlid>oit Ifaydeii, C.S.t., (M.hh, I?.A., B.A.l (J)ub.), 

D. Sc. (Calcutta), F.ll.S., F.G.S., F.A.S.B., forujorly and recently 
Director of the Go<dogical Suivoy ol India. Educated in Natal and 
in Dublin University he joined the Ueolof'ical Survey ol India 
on the 21 st February IHDo. In addition to his usual duties he 
was appointed Curator ot tlui Ciroologioal illusoum and Laboratory on 
the 1st January 1897, and from tlu; 27th November 1902 till the 2Jrd 
February 19011 he acted as Superintendent of the Indian Museum ; on 
the 25th February 19011, he was ])romoted to Deputy Superintendent, 
and on the 2nd May 1904 to Supcrintoiulent, on the 1st December 
1910 he was ap])ointod Director, and after beinj^ accorded the otiicial 
honours of C.I.E. in 1911 and C.S.T. in 1919, received the honour 
of Knighthood on his retirement from service on tlic 1st June 1921, 
for his valuable services to this country. 

Sir Henry Hayden was a great traveller and his name will, for 
all time, be associated with the geology of the Himalaya and of Tibet. 
He spent his first camp season in Burma investigating tlie occur¬ 
rences ot statuary marble, rubies, sappliires and spinels of the 
Mandalay district and Sagyin Hills, examining the coal outcrops 
of Mithwc in Bhamo, exploring the extinct volcano of Mount Popa, 
and mating a traverse across the unhealthy Arakan Yoma to t)ie 
steatite jquarrics of Hpa-aing. In 1897-98 he was attached to the 
Tirah Expeditionary Force and afterwards published a short Memoir 
on the result qf his work. Subsequent activities included an 
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exhauRtive and illuminating survey of Spiti and Lahaul where he 
discovered the now classic section of Cambrian rpeks ; an examina¬ 
tion of the mica min<*s of North Ifazaribagh; a survey with 
l)r. Hatch of the gold deposits of Wynaad; an examination of 
the railway hill section around llaflong in Assam ; n journey to the 
Palni Hills; a surv(‘y of various glaciers in Kashmir; a survey of 
the oil anti coal fitdds of Upper Assam and the Naga Hills. In 1903-04 
he made his first actjuaintaiice with Tibet by accompany¬ 
ing th(^ Tibet Frontier (Nnnmission. I'his country seems to hawi 
put a spell upon him which he never lost. He made a study of its 
language which he maint lined for yoais in (\rlcutta with the help 
of a Tibetan muitslii. in the hope of returning to the land which had 
so fascinated him. His liking for Tibet and its peofde Seems to have 
been reci[)rocatfd, for I doubt ii any other traveller: can boast of 
having won the confidence of thesi* susjiicious folk to. the same 
extent as did Hayden. His tieatment of coolies and local ofli- 
cials was governed by a most eHicimit mixtaire of tactful kindness 
and man^y firmness. It was always a matter ot great satisfaction 
to him that he h.id left tliints easy for any traveller coming after 
him. This idea seems to h.ive taken a very strong hold on him, and 
to follow in hi.s foot stejis, as the jirescnt writer has often done, 
invariably meant a ready v\elcome, generous hospitality and loyal 
assistance. 

Drrring 1907-08 his services were lent to the Amir of Afghanistan, 
and our knowledge of the geology of that country is jiractically 
restricted to his memoir and map on the subject and to some jiapers 
by CJiiesbaeh. Jn 191'J If he crossed UhitraJ into the J^amirs and 
Central Asia, and made his way into Hussia by the Hiberian Kailway 
to find that the war had broken out. He reached England via Scandi¬ 
navia and at once ofl’cied himself for military service. It was one 
of the greatest disajijiointmcnts of Ids lib* that he was not allowed 
to join u]). On his return to India he flung himself with unsjraring 
and characteristic energy into the development of the wolfram, mica 
and other mining industries on which the Allies depended. 

On retiring from the (leological Survey ot India another disap¬ 
pointment met him, foi the Government of India refused, on 
account ol his age, to allow him to represent the Geological Survey on 
the first Mt. Everest Expedition. In 1921 he made a private expedi¬ 
tion into Tibet acconqinnied by an Italian guide, M, Oosson, and 
returned to Calcutta in tlie Cold Weather of 1922-23. From a scientific 
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point of view tlie results of his investigations proved a little disa])point- 

ing owing to the disturbed conditions of the rocks. It is hojjed to 

publish shortly the results of these researches wliich will undoubtedly 

form a most valuable addition to our scanty knowledge of the Cential 

Asian plateau. 

He was the author of some 40 papers and memoirs in the “ lie- 

cords and Memoirs of the Geological Survey of India ”, and of 

numerous other contributions in Hcicntific Journals. His best known 

works arc “ The Himalaya Mountains and Tibet ” in which he 

collaborated with Sir Sydney Burraid, “ The Geology of Tirnh 

and the Bazar Valley ” already mentioned “ The Geology of Spiti, 

with parts of Bashahr and Ru])'-'hu,” “ The Geology of the Provinces 

of Tsang ‘and tT in (^entral Tiliet,*’ ‘'Some Goal fields iu North- 

Eastern AssQm,” “ The Geology of Northern Afgliairihtau,” “ Notes on 

the Geology of Chitral, Gilgit and the Pamirs,” and several reviews of 

the Mineral Production of India. Outside his official duties he took 

a keen interest in many forms of educalioii and literary activily. 

He was a past president of the Asiatic Society of Bengal and also of 

the Mining and Geological Institute ol India, and was largely 

instrumental in setting Gie Indian Science Congie s njni if,> leet» 

He was elected a Fellow of liu' Royal Society in !bl.5, and was 

awarded tlie Bigsby medal by the (hological Society of London 

the same year. During hi- Directorship tlio cadre of the (feological 

Survey of India was greatly incieased. 

His death was due to a elimbing accident on his return with 

his two guides from an a.scent of tJie Finsteraarluun in tin' Berner 

Oborland soon after August flie 12tli, 192*}; liis body and those 

of his guides were not found till August file 28fli. Tlie accident 

occurred on the rock arete below'^ tlie IJugi sattel. Possibly 

the top of the ridge which is of loose rock may have given 

way bodily, but the fact fhaf the liei'ls of Gosson’s boots were 

found afterwards to have been torn otf points to a gallant but 

unavailing effort on his part to stop the fall. It is characteristic 

of Hayden that he insured the life of this guide, wlio was married, 

before their expedition together to Thibet. 

A man of the most generous impulses, with a contempt for all 

forms •of pettiness and intrigue, he had the peculiarly attractive 

gift of making friendship with him a bond between his friends. 

His sense of honour was almost meticulous. In his liorror of affec- 

B 2 
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tation and phariaaifim he frequently endeavoured to conceal one of 
the kindliest hearts that ever beat beneath an apparent brutality 
which, however, was so overdone as to deceive none. His attitude 
towards Science was of that peculiarly English type of simple, 
childlike self-effacement, combined with a sturdy championship of 
what he felt was the truth. Ilis characteristic was more that of a 
healthy perspective than of intensive and brilliant insight, and the 
solid results he obtained ar(i responsible for a notable and invaluable 
advance in our knowledge of Himalayan and trans-frontier geology^? 

Science has lust a devoted and selfless follower whom she can ill 
spare, and his friends mourn the loss of an attractive and sympathetic 
personality, a loyal friend and a generous and gallant soul. 
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The Oil-Shales of Eastern Amherst, Burma, with a 
Sketch of the Geology of the Neighbourhood- 
By G. de P. Cotter, Sc.D. (Dub.), F.G.S., Superin- 

tendenU Geological Survey of India. (With Plates 34 
and 3^.) 

PART I—QEOLOQY. 

IN November and D(5cembcr 1921, 1 cxaniiued .the east of the 
Amherst district, especially such areas as 

n uc on. showed exposures of oil-shales. These oil- 

shales are the only ones hitherto known in the Indian Empire, and 
are ot Tertiary—probably late Tertiary—aj^e. They occur in syn¬ 
clinal cuvettes or basins resting uncouformably u])on older rocks. 
The facies is fresh-water, the shah's containing numerous lish remains 
and dicotyledonous leaves. These basins may be comjiared with 
similar Tertiary basins in the Shan States and in Tavoy, which have 
been mapped by T. D. LaTouche,^ and Uis. J. Coggin Brown and 
A. M. Heron*-* respectively, or ])y members of their parties. But 
those other basins contain coal-measures or i-athor lignites, and do 
not, so far as is known, carry oil-shales.® The existence of oil- 
shales in the Amherst district has been known for several years, but 
hitherto no account of them has been published. The district it¬ 
self is one which has been neglected as far as the making of either 
topographical or geological maps go. Besides a small-scale map 
(1 inch—8 miles) the only majis of- eastern Amherst arc Forest 
maps. These are indeed useful, and are on a sufiiciently large 
scale (4 inche8-=l mile) to satisfy the most exacting, but un¬ 
fortunately they map only Forest Keserves, while cultivated arcus 
remain blank. The map acconij)anying this paper is reduced from 

^ LaTuuolke : ‘•Qeoloav of the NortliiTii Shan States.” MOiol. Surv. /«</., Vol. 
XXXIX, (1916). 

® Browh and Heron ; “ Ooology and Ore Deposits oi Tavoy.” Mem., Oevl. Sutv. Ind.y 
Vol. XLIV, pi. 2, (1923). 

* But llao Bahadur M. Vinayak itao has siiici* discovered uU-shalo in Mergui district. 
«oo Bee., Qeol. Swv. In4., Vol* LIV, pp. 342-343, (1923). 
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the Forest maps, and contains such additional details as I have been 
able to add by means of j)ockot compass and pacing. Towards the 
close of my tour in Amherst, I was joined by Capt. F W. Walker, 
who made some valuable additions to our collections of fossil leaves 

and lishes from the vicinity of lltichara. 
The part of the A.mherst district herein described lies east of the 

l)awnas-a r.ingii ol mountains which, iiccording to the Amherst 
district gazetteei', rises to a lieight ot 5,500 feet, in latitude 16°5' 
North, 'fo the nojth it extends in a north-north-west alignment, 
while at tlio same time decreasing somewhat in altitude. About 
lalitiide 17" 15' it is joined by a range of hills known as the Choehko 
Taung, which spreads to the north into a hilly plateau with rugged 
limcstoiK' [)eaks. The liigliest ]Joiut of this group of liills'is the Dclaw 
Tauug (2,019 ft. high lat. 17'2', long. 98’20'). Another,better known 
peak is the KamawKala 'I’aung (height 2.259 ft., lat. 17*3', long. 

98^25'). 

Tlie Choelilvo 'raimg, which luns generally north-east to join 
the Dawua r.iuge, encloses between it sell and the Dawnn a broad 
o]>en valley diained by the Mepale river, and it is in this valley, 
which is a structural one, related to the system of folding of the 
locks, that ihe main 'rerliary basin in which oil-shale is found 
occurs. 

This basin lies entirely in British territory while the remaining 
h.isins (lesenbed in this [)a[)er lie partly in Burma and jiartly in Siam. 
Tile idepale river joins the 'rhaung}'jn river about 4 miles north¬ 
west of tJic town of 31yawHddy ; at the junction, rocks ol pro- 

'rertiary (probably Jurassic) age arc exposed. 
The 'riiaungyin river, a large stream navigable by rafts from 

Ivyaukket south ol Myawaddy to Mitan, but with a few rapids 
nerr the Kamawkala gorge, and numerous rapids below Mitan, forms 
the boundary between Siam and Burma, until it reaches its con- 
llucnec with the Salwcim river. Thus the Thaungyin forms the eastern 
boundary both ol Amherst and of Thaton districts. This river 
shows in various plucos e.\i»osures of oil-shale, and it is clear that 
there is a basin of Tertiary rocks between Kyaukket and Myawaddy, 
and again Tertiary recks north of Myawaddy between this town and 
the Kamawkala gorge. But it is uncertain whether or not these 

tw<) basins unite with one another in Siam. No attempt was made 
to examine .iny part of Siam, except the actual shores of the 
Thaungyin river itself. 
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We may however recognise two basins bisected by the Thaun- 

gyin; of these that south of Myawaddy may be referred to as the 

Phalu basin while that to the north of Myawaddy may be known as 

the Mesauk-Methalaun-Melamat basin. 'I'ho third basin, mentioned 

above as lying entirely in British territory, and in the valley of the 

Mepale river is that of litichara, and derives its name from the 

village of Htichara, near which the main boring operations have 

been carried out by Messrs. M. E. Moola Sons, Ltd. 

According to my interpretation of the geology, the oldest rocks 

exposed in the east of Amherst disti-ict are 

gneisses and schists and gneissose 

granites of the Dawna range. The alterna¬ 

tive to my view is to suppose these gnciss<'s and granites to be con¬ 

temporaneous with the granite of Tavoy and Mer<^ui, but the great 

lithological dissimilarity and the metamorphosed condition of the 

Dawna gneiss is against such a correlation. Tlie .Mergui series, a 

formation extensively develoj)ed in Tavoy and Mergui, is possibly 

Tc])resentcd by a small outcro]) of jiorublendie (puirtz schist seen on 

the bank of the Mepale, miles S.W. of Ta\\okyv\a. The hills 

between the Dawna range and the Siamese Lonticr aie composed 

mainly of two lonnations, a limestone group, and a red sandstone 

group vvhicl! overlies it uneonformahly. The limestone foims the 

cores of the main hill ranges, producing rugged and castellated 

})rotiles; similar proliles in the distant Siamese ranges across the 

Thaimgyin river show that limcstr)ne eoni])oses the centre ol these 

ranges also. 'J have named this limestone the Kamawkala Lime¬ 

stone from the Kamawkala ]jeak (see al»o\e) wliich is one of the 

best known ])ealcs of this formation. Tlie Kaniawdvala limestone 

is doubtfully regarded by me as of 'J’riassic age. Above tliis lime¬ 

stone, the Ked Sandstones rest iineonl'ormably. Tluur great simi¬ 

larity to the Bed Sandstones (rf KalaAv inclines me to the 

view that, like these they are of Jurassic ago. Both the Kamaw¬ 

kala Limestone and the lied Sundsioiies are highly disturbed, often 

vertical. With the Red Sandstones is associated a conglomerate, 

which may possibly be of later age than the main bulk of the Ked 

Sandstones. Above all these formations rests imconformably the 

Tertiary group, the. ui)per division of which contains oil-shale. The 

Tertiaises are divisible broadly into two groups A, a lower group 

of sands, boulder beds, and conglomerates, and B, an upper' group 

mainly of shales, and in which oil-shales are developed. 
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The formations may now be tabulated as follows:— 

(1) Ddwna Gnoiasos and Schists .... Possibly Archioan. 
(Junction witli following nut soon.) 

(2) Horublondo Quartz Schists near Tawokywa . Probably Morgui aorios (Pro- 
Cambrian). 

(Juuctiun with following not soon.) 
(3) Kamawkala Limestone . . . . Lower Mesozoic probably Tri- 

assio. 
(Unconformity.) 

(4) llod Sandstonoa.E<iuivalont to the Kalaw 
Sandstones, probably Jurassio. ^ 

(with which is associated) 
(4A) (’onghnnerates of limestone and red sandstone Also found at Kalaw ; may bo 

pebbles part of Red iSandstono scries 
or later. 

(3) Tertiary Bods 
Division A. Sands, conglomerates .and Boulder Probably no)#or Tertiary. 

Beds 
Division R. Sliftlcs with oil-shales interbedded Ditto. 

In oouaidcriug ike ugc of the granites and schists of the Dawna 

Mountains, attontit)a must be paid to the geo- 

UranlTer logy of neighbouring countries, such us Siam, 

Tavoy, and the Shan States. In each of 

those areas granites and gneisses occur, the- age of which has not 

yet been absolutely settled. In the Shan States Archoean gneisses 

• of an acid type occur near the Katlia district, and extend into 

northern Buima. Biotitc'-gneissos ami biotite granulites are common 

into which veins of pogmat-ii(‘, graphic granite and aplito arc in¬ 

truded.^ They aie known as ihc Mogok Clneiss. 

The age of these rocks is unquestionably Archaean. Later 

granites are found intrusive into the mica schists of Moiig Long,'*® 

these mica schists are regarded by LuTouchc as Burana (Algoukian) 

in age. 

The age of these latter intrusive granites is not evident, but it 

is probable that they may be post-Balaiozoic. In 1912 Mr. P. N. 

Datta® found in the Kyaukse district granite intrusive into older 

rocks, those last being shale, sandstone, and limestone, all rather 

metamorphosed. Mr. Dutta regarded the limestone as Pakcozoic, 

in which caae it is probably to be correlated with the Plateau 

Limestone of LaTouehc, which ranges from Devonian to Permian. 

In LaTouche’s map the hills in the north of the Kyaukse district 

» Mein., (kok Hufo. hid., Vol. XXXIX, p. 34. 
^Ibid, p. 47. 

Ocol, Surv, Ind., Vol. XLllI, j). 21). 
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are shown as Plateau Limestone, while recent work near Kalaw 
has shown the presence of Plateau Limestone east of Kalaw. Thus 
the limestones to the immediate north and to the south-east of 
Kyaukse are Plateau Limestones. It would appear therefore quite 
probable that the limestone seen by Mr. Datta in the Kyaukse dis¬ 
trict is also part of the Plateau Limestone series, and that the gra¬ 
nite is therefore post-Palajozoic. If this is the case, perhaps we 
may regard the intrusive granite of Mong Long as of like age. 

We therefore seem to have evidence of two different granites 
in the Shan States and North Burma, viz (i) Archaean granites and 
gneisses of Mogok, and (2) Intrusive granites of post-Palceozoic 
age. Turning now to Tavoy, we find that the later intrusive gra¬ 
nite is the only granite recognised. It contains, according to Drs. 
Brown and Heron,' veins of tourmaline peguiatitii, and itself fre¬ 
quently,, possesses a pseudo-foliation which, although resembling 
gneissic structure, is not'truly so. It is here intrusive into the Mer- 

gui series, which Drs. Brown and Heron regard as Pre-Cambrian. 
' In the present year (1922) Mr. E. L. G. Clegg examined the head 
waters of the Yunzalin river in the Salween district. The geolo¬ 
gical information obtained in tliis tour gives us some data where¬ 
with to link up tlie geology of the Shan States with that of Amherst. 
Mr. Clegg recognises the following Joimaiions in descending order 

(1) Plateau Limestone. 
(2) Granik‘, intruded into (3). 
(3) Chaung Magyi Scries. 
(4) Gneisses with intruded granites and quartz. 

Here again two different granitoid series arc recognisable, and 
we may perhaps correlate the earlier granites and gneiss with those 
of Mogok on the one hand and of the Dawna on the other, 
while the later gi'anite is perhaps e(j[uivalent to the Mong Long gra¬ 
nite of the Northern Shan States and to the granite of Tavoy. The 
Dawna gneiss is a rock quite different to the Tavoy granite. 1 have 
shown specimens to Drs. Brown and Heron, who agree with this 
view. Nowhere in Tavoy is the banded gneiss typical of the Dawna 
found. 

The geology of Siam is known from a description by Mr. Bertil 
Hogbbm,^ whose valuable paper sheds much light upon the geo- 

^ Mem-, Oeol. Surv. Ind., Vol, XLIV, p. 101. 
* “ Contributions to the Goolopy and Morphology of Siam.” Bull. Oeol. In^. of 

l/niv, of Upmla, Vol. XII, pp. U5-I27. 
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logy of the Siam-Burma border, and must be taken into account 
in any description of tlie geology of Amherst district. Mr. Hogbom 
(p. JJl) considers that “the igneous rocks arc of different epochs, 
as is shown by the fact that there occur quite schistose rocks to¬ 
gether with such as do not show any perceptible traces of pressure. 
Most of them are found in the Prc-Oarbonian^ series, often inota- 
luorphosed beyond recognition, but others are met with penetrat¬ 
ing the Triassic strata ; finally the Tertiary or recent basalts may 
be mentioned. The granitic I’ocks ought generally to be considered 
as relatively young and at least partly penetrating Triassic strata ; 
I have but s«*ldom found gnoissic granitic rocks.” Near Kahang on 
the Mei Ping river, about 10 miles east by north of Myawaddy, 
Mr. Hogbom ftmnd granite Jissociatc'd willi a liui('fK.one which is 
undoubtedly to coiToluted either with the Kauiawkahi or the 
Moulmoin Limestones. He states that sf)metiiues this granjto has 
the appearance of an eyed gneiss. He adds “ The granite in question, 
as 1 have mentioned, is ob\'ioiisIy entangled in the tectonic move¬ 
ments, but it may Ixi considered as yf»unger than tlie limestone 
beds. No evidently intiuded veins of it could, however, be ol)served 
in the limestones unless j)ossil)ly further down the river, wdiere it 
outcrops alternatively wdth vertic.dly iqiraised limestone beds. If 
this is the etfect of strong bdding or intrusion could, however, 
not be determined, as no iiumediato <!;ontacts coidd be found and 
examined, here (u‘ anyv\here (d',(‘ along the river. It may be mention¬ 
ed that granitic rock is not veiy resistant in the tropics, and thus 
it is not much exposed. ’ 

The weight of evidence is tlieu in favour of recognising two very 
dillereiit gtaiiitoid systems, rh. 

(1) (Granitoid gneiss with ])egmatjtos of Archaean age, re- 
jireseuted by the Mogok (ineiss of Katha, and the Dawna 
Gneiss of Amherst; 

(2) Post-J*ala3ozoic granites lepresented by the granite in¬ 
trusions of Kyauksc district and by the granites of Tavoy 
and Mergui. 

The Dawna Mountains are crossed by the cart-road from Kyundo 
and Kawkareik to Myawaddy. This cart- 

aranitM?****" road has staging bungalows at convenient 
intervals. Leaving Kyundo on the haung- 

^ By tlio oxprosaoa “ Pre-Ci.rl)0 lUa ” Mr. H<tfibbm means Pre-Carboniferous. 



Part 4.] Cotter : O'tl-shaleH of Amherst, Burma. 2t9 

thraw River, a motor road runs fifteen miles to Kawkarcik, the sub- 
divisional headquarters of the Kawkareik sub-division. The way 
lies over alluvium, but some whitish clays and grits are visible 
between milestones 10 and 12, the age of wliich is not known. Pos¬ 
sibly they are Mergui series. Kawkareik is itself on alluvium mainly, 
but the Forest Bungalow is built on a hill sliowing exposures of light 
grey shales and indurated mudstone. 

The next stage beyond Kawkaieik leads to a bungalow know^^ 
as Third Camp, which is 23J miles distant from Kyundo. Nea^' 
the 20th milestone are exposures of blue shale and mudstone of 
unknown age—possibly Mergiii.s—but the main deposit is alluvium 
until the neiglibourhood of Third (Jamp is reached. The first ex¬ 
posure of igneous rook is at the 22nd mile and fith furlong. Here 
coarse tourmaline granite pegmatite is seen intrusive into biotite 
schist.* • 

The granite pegmatite is a ]uirc white rock composed mainly of 
felspar and quartz with sparse crystals of tourmaline. Flakes of 
muscovit<‘ occur, but are rare, while biotite was not seen. The 
felspar is seen under the microsco])e to consist of orthoclase, abund¬ 
ant microcline and in lesser (|uaiitity jdagioelase having the extinc¬ 
tion angles <*f albite or oligoclase. Quartz is also abundant, both ‘ 
quartz and felspar being allotiiomor[)luc and in fairly large crystals. 
The biotite schist shows abundant biotite, sometimes bleached, and 
some muscf)vite (sericitc) juobably of st'condary origin. Quartz in 
small grains is fairly common, and grains of plagioclase felspar are 
less abundant. The intrusive tourmaline gianite pegmatite is frequent¬ 
ly exposed on the road leading from Third (’amp to Thingannyinaung, 
which lust village is not quite 10 miles from Kyundo, and is on the 
main road to Myawaddy. But the ty})e most characteristic of this 
section is a schistose biotite-gneiss, usually well banded, made up 
of crystals of quartz felspar (orthoclase and microcline) and biotite. 
A 8])ecimen from an cxjjosure at the 2Gtli mile and 1st furlong shows 
a fibrous mineral, probably fibrolite, abundantly present in a rock 
which may be described as a fibrolit e-biotit e-quartz gneiss. 

Crystals of beryl are said to occur in the x)egmatite, but none 
were seen by me. Sappliires and rubies are reported to occur near 
Myawaddy^ but no corundiferous pegmatites were found in the 
sections through the Dawna gneiss which I visited. 

* Amherst Dwtrict Gazetteer, Vol. A (1013), p. 42, 



280 Record of the Geological Surv^ of India. [ Vota. LV. 

About 2| miles south-west of Tawok on the west bank of the 
, Mepalo river a well bedded, greenish-grey, 

^ hornblendic quartz schist is seen. The dip 
is steep and to the N. E. No rock ot a similar typo was seen in any 
other part of the country visited. It resembles some of the rocks 
of the Mergui series, and has been provisionally placed in this group. 

The Kamawkala Limestones are exposed near the Htichara 
Forest bungalow about 3 miles north of Ilti- 

Lifiw-slones *^**”°^*^*** chara, and extend northwards from this point, 
BO as in all probability to join up with the 

limestones exposed in the Kamawkala gorge of the Thaungyin 
river, which lies about 15 miles to the north. The limestone is 
unconformably overlain by the lied Sandstone series, ‘from beneath 

which it outcropsf both in this main exposure which runs north 
from Htichara to Kamawkala, and also in several minor miners in 
the liills north-east of Htichara and in the Thaungyin river. Similar 
limestones are found south and west of Phalu, and in the hills south 
of Thingannyinaung, but they have not been map])ed. The hill- 
ranges in Siam east of the Thaungyin are castellated and obvicusly 
limestone, perhaps part of the same so:ies. 

The limestone is of a grey colour, hard and crystalline, frequent¬ 
ly showing a network of veins of calcitc ; under the microscoi)e it 
sometimes shows arioolitic structure of a miniature type. A care¬ 
ful search in the neighbourhood of Htichara Foiest iiungalow failed 
to disclose any trace of fossils, and the weathered surfaces of the 
limestone showed no trace of any organic structme. This is due 
partly to the fact that there are no waterworn smooth surfaces in 
the small streams, but rather a coating of travertine, and a cover¬ 

ing of moss and lichen. 
But towards the close of my tour I examined the sections exposed 

in the Thaungyin from Phalu to Kamawkala. On this traverse 
1 encountered several outcrops of limestone with smooth water worn 
surfaces. In these exposures occasional traces of fossils were dis¬ 

covered from the following localities :— 

(1) An exposure of grey limestone on the southern bank of the 
Thaungyin river, east of Htichara, and S.8.W. of the 
hill marked Lewa Taung on the Forest map, latitude 

16° iV 16", longitude 98"^ 32' 3". Here were found ‘'corals 
both simple and compound, a Lima-\\ke shell and 

fragmonls of brachiopods. 
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(2) In the Thaungyin on both aides of the river in a email 
gorge with limeatone on both banka, situated about two 
miles east of the Kamawkala gorge in latitude 17° 3' 18'^, 
longitude 98° 26' 55'^. 

Here sections of ammonites were found and some rhynconel- 
lids. 

(3) In the Kamawkala gorge of the Thaungyin in latitude 
17° 3' 20" and longitude 98° 25' 15". 

This locality also yielded ammonites and rhynconellids. 
The collections from these three localities were sent from Burma 

to Mr. G. H. Tipper, then Palaeontologist to the Geological Survey, 
for examination, it not being possible, owing to the absence of 
paljeontological literature in Rangoon, to work them out myself. 
He remarks that the limestones in which the fossils occur are so 
crystallme that it is impossible to develop the fossils further or to 
obtain information from their sections. The state of preservation 

^of the ammonites which occur in localities (2) and (3) is poor, but 
probably all belong to one genus, —an involute form with rather 
fine continuous ribs. Badly worn sutures are seen on two specimens. 
Associated with the ammonites are many small acuminate Rhyur 
chonellac with well developed ribs and a well marked sinus. From 
locality (1) there was obtained a badly weathered section of a gas¬ 
tropod with a long s})ine, unfortunately unidentifiable. There were 
two ribbed Peeten-like lamcllibranchs, but the state of preservation 

was so poor that it was uncertain whether they belonged to Peden 
or to lAmn. 

Colonial and solitary corals also occur, the former being apparent¬ 
ly close to Latimaeandraria while the latter has not been identified. 
Mr. Tipper concludes by expressing the o])inion that, on the assump¬ 
tion that those fossils come from one horizon as seems likely, it 
can only be said that they arc probably Lower Mesozoic in ago, a 
closer approximation being impossible without better preserved 
material. 

The attribution of a Lower Mesozoic age to these limestones is 
rather surprising in view of the fact that the limestones of the Shan 
States, have been proved to be Devonian to Permian,^ those of 
Mergui to be Carboniferous,* those of the hills north of Moulmein 

* I^aTouohc, op. cii. 
Oed. Jnd., Vol. XXVI, p. 90. 
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to be also Permo-carhonilerous,* and the limestones of Siam to be 
also Peimo-carbonifeioiis.’'* 

If therefore Mr. Tii)i)er’s conjecture is correct it would appear 
that the Kamawkala limestone is later than the great bulk of the 
limestones of neighbouring areas. The state of preservation of the 
fossils is disap])ointingly })oor, and there must remain an element 
of doubt in the attribution of a Triassic ago to these limestones. If 

however these limestones arc really Triassic, it is jierhaps possible 
that they are an upward extension of the Plateau Limestone into* 
the Trias. 

The limestone is usually vertical or steeply dipping, generally 
with a strike to N.N.W., tliat is parallel with the mountain chains 
of the area. It is frocjuently contorted and crushed, although in a 
less degree than that of the Shan States. 

That the lied Sandstone series of East Amheist is as widely 
spread a formation as the limestone upon 

SeHes* Sandstone it unconformably rests is evident from 
the following consideiations :— 

Purple and red sandstoni's were observed by Mr. 0. S. Middlemiss 
in the neighbourhood of Kalaw^ in the Southern Shan States ; these 
beds were associated with sandstones and shales with coal. The 
lithological appearance ol the Kalaw red sandstones is very similar 
to that of the Amherst red sandstones. Especially a conglomerate 
made up of pebbles both of red sandstone and of limestone in a mat¬ 
rix of red calcareous fine grained sandstone is found in both areas. 
The age of the Kalaw red sandstones was vaguely determined by 
the discovery by myself in January 1U22 of fossil plants in the roof of 
the coal seams near Kalaw, My collec>tion ol fossil plants was largely 
augmented by my colleague Capt. F. W. Walker. I identified the 
following specimens;— 

Cladophlebis denticulata Brong. 
Gingkoiles digitata Brong. 
Pagiophyllum divaricatum (Bunb.). 
Brachyphyllum expansum (Sternb.). 
Ptilophyllum sp. cf. P. non Ofoza/tnites hislopi (Oldh.). 

Podozamilcs dislans (Morris). 
« 

* Theobald : Mum.., Oeol. Surr. !"d., Vol. X, p. 320 ; T. Oldham ; “ Coal and Tin of 
Tonaswrim.” Bee. of Oovt. of Ind^o JIo- X, page 33; Bcc., Qeol, 8urv. Ind., Vol, LIV, p. 64, 

* ^ertU Hogljdm, op. cit 
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These indioate a Jurassic age, but there arc no characteristic 
Rhaetio or later species, and they might conceivably belong to any 
part of the Rhaetic or Jurassic.^ 

The Namyau series of the Northern Shan States, described by 
LaTouchc is cliaracterised by its red and purple coloured Bandstones 
and contains a bracliiopod fauna of Bathonian age.^ 

Reddish and j)urple sandstones of unknown age rest unconform- 
ably upon Mergui rocks in the islands of Mergui town'; it seems not 
impossible that these are of like age. Red sandstones with con¬ 
glomerates and shales extend through Siam into Tonkin. At Luang 
Prabang and in I’onkin Rhaetio fossils have been found, but from 
some of the ^ignite beds f)lantB of probable Liassic age have been 
found. ^ 

The Red Sandstones of Amherst, which will be afterwards de¬ 
scribed *in detail, have yielded fragmentary fossils all unhappily un¬ 
identifiable and mainly lamcllibranchs. Amongst these an Astartc 
not unlike some of tlie durassic species, seems to be most common. 

Enough has been said to show the }>robability that these Red 
Sandstones are to bo correlated broadly with those of the Northern 
Shan States, Kabnv. an<l of Slam and Tonkin, May we add also 
with those of JMergui i There is no fossil evidence for this last cor¬ 
relation which allhough very possible is at present (juite unproved. 

As may bo seen from the ma]) accompanying this paper, the 
Tertiary basin of lltichara rests on the west 

RtSsMtotoHeSerie.."" "I’®" '>1'®“ north, 
south, and east upon either Kamawkala 

Limestone or upon the Red Sandstone series. This series together 
with the Kamawkala Limestone occupies all the hilly country east 
of Htichara. The Red Sandstone hills are easily distinguished at 
a distance from thone of limestone by their rounded contours con¬ 
trasting with the rugged })innaclcs and castellated profiles of the 
limestone hills. Besides the large mass of limestone north of Hti¬ 
chara Forest Bungalow, w'hich probably extends to Kamawkala, 
there are several small crags of limestone protruding from the over- 
lying Red Sandstones. Two such crags can be seen about three miles 

^ 0. (S. Miildlemiis in Gnnral Hrporl of the (koloyical Stm>ey if Indm for 1S99-J900, 
p. 143.* 

* Oj). rit., j). 303. 
“ Rrc., (kol. Surv. Vol. LIU, p. 20, f.nd Vol. LTV, p. 00. 
* B, HotriiOm, op. rfV., pp. 107-108, and JJeillcr: “ Floro fossilo dcs couches d© 

oharbon du Toiigking.” 
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N.B. of Htichara, while others occur near the Thaungyin river east 
of Htichara in latitude ]6°47'. The manner in which these curious 
pinnacles of limestone protrude from beneath the Red Sandstone 
gives mo the impression that the craggy profiles and steep conical 
hillocks of the former are due in large measure to a pre-Jurassic 

denudation, which, after having been concealed during the Cretace¬ 
ous and Tertiary periods by covering deposits of Jurassic Red Sand¬ 
stone, is again becoming partially revealed in recent times by the ‘ 

continued denudation of this sandstone. This hypothesis may* 
account for some rather puzzling occurrences. In longitude 98° 28' 
3" and latitude 17" I' 30" north of the junction of the Lehpo chaung 
with the Thaungyin, the Red Sandstone aj)pears in^ one section to 
overlie and in another a few yards to the north to underlie tlie lime¬ 
stone. This may be easily accounted for by the original rugged and 
uneven surface of the limestone. 

The Red Sandstone scries has as its typical and most predomi¬ 
nant rock a pink or brick-red to purple sandstone of fine to medium 
grain, often pebbly. The pebbles are usually small, that is | inch to 
1 inch diameter and are composed of either pink sandstone or of white 
quartzite. The pebbles are as a rule sparsely distributed in the 
sandstone, and are frequently angular to sub-angular. 

Associated with the red sandstones are clays of colours varying 
from grey to cherry-red, conglomerate bands and sandstones of a 
buff colour. The latter arc in appearance very like the much later 
Tertiary sandstones. The clays sometimes contain thin layers of 
argillaceous limestone, about 1 to 3 inches thick ; these show traces 
of fossils, mainly lamellibrauchs, in the following localities:— 

(1) In a tributary of the }lg<‘hka chaung, 3 furlongs 8.E. of 
post 33 of Mepale (Extension J) Forest; longitude 98° 29' 
40", latitude 16° 46' 15". 

(2) In the Hatpalu chaung, at two spots, the first 1| S.S.W. 
of Myawaddy, and the second miles S.W. by S, of 
Myawaddy, the two localities being not more than a 
half mile apart. The second locality is about J mile 
due east of post 24 of the Mekane Forest Reserve, 

The fossils from these localities are unfortunately unidentifiable, 
but amongst them is an A starte, which has been already mentioned. 

The red sandstones and clays are frequently steeply dipping or 

vertical, but have a moderate dip in the neighbourhood of Mya 
waddy. 
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Associated with the red sandstone is found a peculiar conglo¬ 
merate com])OBed ol pebbles m boulders of 

merate”^***** CoorIo- limestone (Moulniein or Karnawkala Lime¬ 
stone) and pebbles oi red sandstone in a mat¬ 

rix of red sandstone. As has been remarked above, an exactly 
similar conglomerate occurs at Kalaw in the Southern Shan States, 

'^is conglomerate has Ixjcn found in the following jdaces :— 

In the Thaungyin river, there are eight exposures of this con- 
« glomerate over a distance (as the crotv flies) of six miles, the dis¬ 

tance being of couise very much longer by water. The most souther¬ 
ly exposure is in latitude 1 ti' 58' 30" and longitude 98" 30' 45". Here 
a boulder conglomerate is exposed as a cliff on the north (British) 
bank of the 'rfiauug^nn. In this bed the boulders vary from small 
pclibles to boulders iij) to 1 foot in diameter. The boulders are 
cementod by a matrix ol red sandstoiK', and arc of two tyjies, that 
is grey limestone, obviously derived Irom the Karnawkala or Moul- 
mein Limestone, and nxl sandstone. The deiivation of the red 
sandstone bouldiTS is not known. It they are derived from the Red 
Sandstone group, then the conglomerate ^ould be later in age than 
the r(‘d sandstone. There is however no ('vidence ol such a rcla- 
timishij) of the conglomerates to tlie red sandstones. On the other 
hand there is no e\ulence of an eailier red sandstone from whence 
these ])ebbles can have been derived. 'Fhe problem can only be 
solved by detailed ina[)piug; meanwhile 1 group these conglomerates 
with the Red Sandstones, but \\ith the suggestion that they may 
jx)ssihly be of later age or at least a high hoiizon in the Red Sand¬ 
stones. From this ontcro]) the conglomerate bed aiijiears to strike 
in a diiection about 40" west of uorth. It is again seen in two ex- 
posmes near the Thekaya chaung, and is ol a similar type to that 
already described. The eonglomeiates are again seen in the angle 
of the Thaungyin about 2 miles N.N.W. of the Thekaya chaung. 
Again, conglomerate is found in the Thaungyin two miles to the N. W. 
at the mouth of the Mawi>athu cliaimg. 'Fo the west of the con¬ 
fluence ot the Mawpathu and Thaungyin one sees this conglomerate 
of Red Sandstone age, while to the east are Tertiary sands with a 
gentle dip. The red conglomerate dips at angles of about 00°. 

Thus it would airpear that there is a definite strike of this con¬ 
glomerate for a distance ol about six miles, this strike being parallel 
to the hill-ranges of the neighbourhood. 'Fhe conglomerate in the 
northern exposure is oloecly .associated with Karnawkala Limestone 

0 
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upon which it is seen in one 8eoti<5n neai the Lehpo channg to'Test. 
Tf however it is a basal bed of the red sandstones we must regard 
the boulders of red sandstone which it contains as coming from an 
unknown source. In the present state of our knowledge, it is not 
possible to state its relationships, but w’o may provisionally group 
it with the Eed Sandstones. Another locality where a somewhat 
similar conglomerate was seen is the Pawhkahpu chaung at a point 
about 1| miles E.S.E. of Tawokywa. Here a conglomerate of lime¬ 
stone pebbles in a calcareous cement appears vaguely to dip at an 
angle of about 80° to west. Again in the Thapadaw chaung, not 
quite I mile from the last mentioned spot, is a conglomerate with 
pebbles of red sandstone. These conglomerates were at the time 
referred by me to the basal Tertiaries, but it has since appeared to 
me more probable that they are of Red Sandstone age. But in the 
neighbourhood of Tawokywa, the geology is greatly obscured by 
the extraordinarily dense forest. Owing to the difificulties of mov¬ 
ing about thi.s part of the country and to the shortness of time at 
my disposal, I was compelled to leave the study of these conglo¬ 
merates incomplete. 

It has been already remarked that the Tertiary deposits fall 

R 1, . A divisions, a lower group of sands 
BaaalSands. ** ’ boulder beds, and an upper of shales with 

oil-shale. The lower sandy group is exten¬ 
sively developed, and is found in the neighbourhood of Eamawkala 
gorge in the north, and in the south from Phahi to about four miled 
south of Phalu on the Thaungyin river. It is found forming a ring 
all round the Htichara basin, where it extends on both sides of the 
oil-shales from Tawokywa in the north to Thingannyinaung-ywa- 
thit in the south, and it occurs west of Phalu along the Forest 
Reserve boundary. The sands are generally loose current-bedded 
sands recalling those of the Irrawaddy series of Upper Burma, but 
fossil wood although present is very sparsely distributed in them. 
The wood appears to be in type very similar to that of the Irrawaddy 
series, and is dicotyledonous. Some large logs were seen on the 
banks of the Thaungyin at Phalu Forest Bungalow. The sands 
contain pebbles and boulders of Archeean rocks, riz. vein quartz, 
quartzites, quartz mica schists, tourmaline pegmatites, and gra¬ 
nite gneiss. The boulders vary in size from place to place. As a 
rule they are smaller near the top of the sands, and larger near the 
base, A diameter of 1 foot is quite common in the basal strata, 



Paet 4.3 CoTTEE: Oil-shalesf cj Amhmt, Bmma. 287 

But fil several spots some enormous boulders were lound. About 
.two miles east ot Htichara, and a fuilong or so S.E. of Forest Post 
33 of the Mepale (Extension 1) Foiest, I saw some boulders or gneiss 
which were up to 8 feet in diameter. Again about 1 mile N.E. of 
Tawok-ywa, similar enormous bonldeis occur Fairly laige bould¬ 
ers are seen also to the west of Phalu in the Tertiary sands exposed 
along the Mekane Forest Boundary. In jilaces the beds are gravels 
or loosely consolidated conglomerates, grading into ])cbbly sands 
or sands of more hoinogeneous type 

Near Tawokywa, and in the Mepale iiver W. and S W. of Tawok- 
ywa, massive beds of coarse aricosc and giits of a grey or buff colour 
are found. ^ 

In two localities, not far below the toji of the hasal sands, reefs 
of freshwater limestone are developed. The first locality is about 

miles fe.N.E. of Htichara village. In this locality the liraestone- 
is ''partly silieified It contain-! abundant fiesliwater shells. Collec¬ 
tions were made both by Crol J. W Gr’esrorv m October 11)21 and 
by myself and Mr. F. W Walker about one month later. Both 
collections were s<-nt to Dr. N Annandale, Director of the Zoolo¬ 
gical Survey of India, who is now engaged in the description of the 
shells. Dr. Annandale has kindly given me a summary of his results. 
Ilis provisional identifications are as tollows ;— 

Family Melamidw. 
Acrostoma iiUvrtncdium sp. nov. 
Acrostomn colteri sp nov. 

Family Viviparidcp. 
Vivipara gregoriana sp. nov. 
Vivipara duhiosa sp. nov. 

Family Vnionidas. 
Indonaia honneaudensis (Eydoux) see Fauna of British 

India Vol. Mollusca (Freshwater Gastropoda and Peleoy- 
poda) by H. B. Preston, p. 140. 

Indopseudodon rostratus sp. nov. 
Lamellidens (1) quadrafus sp. nov. 

All species are new with the exception of Imdomia home- 
audensis, which is still living Dr. Annandale considers that the 
ag of the beds cannot be precisely determined from this fauna 
but it obviously comes from Tertiary beds and is not very new; 

0 % 
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there is nothing against the view that they may be Miocene', but, 
little in favour of such precision. 

The, second locality is in latitude 16'' ii' 0" and longitude 98° 29' 
15" about half a mile N.N.W. of the hill called Yebu Taiing. This 
hill is one mile west of the confluence of the Mepale and Tliaungyin 
rivers. The limestone here is somewhat silicified, and I saw no 
traces of fossils. 

The basal sand group is easily distinguished from the oil-shale 
group above by the nature of the forest. The sands arc covered' 
by open di])terocarp forest, while a dense growth of bamboos covers 
the shale country. 

The basal sands usutilly dip at fairly gentle angles. Near Phalu some 
• steep dips were seen (u]) to 55") in sandstone, but these were quite local. 

Before 1 conclude my deseri])tion of the Basal Sands, T may 
mention that the curiously large boulders of Axcha3an robk found 
in some localities near their base are comparable with those boulders 
of similar large size found by me in the Pleistocene deposits of 
Pakokkii. Like the boidders of the Pakokku district, these of 
Amherst seem to have been carried several miles from their source.' 

The oasal sands group ])asso8 upwards conformably and some¬ 
what gradually into the oil-shale group. The distinction between 
the two groups is well marked in the Htichara basin. But in the 
Phalu and the Mesauk-Mcthalaun-Melamat basin there are frequent 
sands associated with the upper shale group, while a freshwater 
shelly limestone is very frequently cxj)oaed in tlu! shale grouj) of the 
latter area. Tlio division of the Tertiaries into two grou])s is hero 
not so well mark<ul, but still is (juite recognisable. 

The group now to be described is predominantly clay and shale, 
but with subordinate beds of sandstone. Thin 

OlUshafe limestone both of a pure and of an 
impure type occur, especially in the basin north 

of Myawaddy, which is bisected by the Thauiigyin (the Mosauk- 
Methalaun-Melamat basin), but they are less common in the other 
two basins. The lim(!stono contains traces of shells of Melaniids 
and Viviparids, and is clearly a freshwater deposit. The shales 
themselves are frequently fossiliferous, and have yielded specimens 
of teleostean fish, of dicotyledonous leaves, of one fern leaf, and 
one specimen of a spider. No attempt has been made to identify 
any of these specimens. 

^ Jnurv, A'iidi. Soc, ticvff. (Ni'W Ror.), Vol. XIV, p. 419, (191S). 
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Oil-shale is abundant in the lower part ot this group, and occult 
interbedded with barren shale. It is easily recognisable by its 
toughness and ability to withstand a sharp blow of the hammer 
without breaking, by the fact that it can be cut into shavings with 
a knife while barren shale crumbles to powder, by its dark grey or 
brown colour, and especially by the j)cculiar smell given out when a 
small splinter is heated in the llame of a match. Sometimes the 
oil-shale is rich enough to ignite when heated. It may occur either 

• in thick layers or in pai)yraceou8 laminio. There appear to be all 
grades of shale present fiom completely barren shale to high grade 
oil-bhale. Low grade oil-shale and shales with less than 5 per cent, 
of volatile matter are abundant, but cannot easily be distinguished 
from barren shale. No trace of lignites was seen in these beds. All 
the evidence points to the fact that the group was laid down in fresh 
water. •No trace of salt water fauna has been found. In one sec¬ 
tion near the base of the shale gjoup, at the lamd of the Mepale 
rivtir opj>ohito post 15 of the Mei)ale (Extension I) Eoiest boundary, 
(that is about 1 mile N.N.W. of the confluence of the Thingannyi- 
naung and Mepale rivers), two thin bauds of gypsum, I inch and 
I inch thick respeclivcly were seen. This was the only occurrence 
of gypsum observed. 

The country througli which the shale grouj) extends is covered 
with dense jungle, mainly of bamboo. Thcie are few exposures, 
except in the stream sections. In reserved areas, such as the 
country between Tawokywa and lltichara, it is inijiossible to get 
through the forest without a most laborious process of cutting a 
path, while the necessity of continually walking in a stooping j)08i- 
tion is very tiring. The jungle gjovving upon the oil-shale giou]> of 
Amherst is j)rol)ably amongst the thickest found in Buima. In 
this respect it contrasts with the 0])en forest t)f rather stunted trees 
found upon the lower group of basal sands. 

In the Htichara basin, the dips are usually gentle varying from 

20" to 15". It is rather exce})tional to‘find 

tl«ry*baX7. ^^ **** ^^'^* dip as that at Fit 1, where the 
angle is 30". The di])S arc not however in¬ 

variably oriented towards the centre of the synclinal basin, and we 
must suppose a certain amount of undulation in the strata. The 
disturbance is of a gentle typo. The Fhalu basin was not examined 
in detail, but appears to show very much more minor folding and 

contortion in the shale zone than is seen at Htichara. The Mesauk- 
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Methalaun-Melamat basin li«8 mainly in Siam and only touches upon 
British territory. The dii)8 are generally gentle and the Oil-shales 
are sometimes almost horizontal. 

PART II-ECONOMIC QEOLOQY OF THE OIL^SHALES. 

It has already been pointed out that there are three Tertiary 
I)asin8 in Eastern Amherst. Tliese are Utiehara, Phalu and Mesapk- 1 

Methalaun-Melcmat. I visited all three, and collected, a series of 
samjdes from each. Those from the latter two basins were unfor¬ 
tunately reported lost in transit between Rangoon and Calcutta but 
as they were outcroj) samples, the results would not have had great 
significance. From the Htichara basin, on the other hand, I was 

able to obtain rei)rcsentative 8am])les from pits 
cores. These were e.xamined by 

Mr. n. (Vookshank in the Geological Survey 
Office, Calcutta. Preliminary determinations were made of the 
volatile matter in the dried shales by the same method as is used 
for the proximate analysis of coal .samples. The samjdes rich in 
such volatile matter were afterwards subjected to destructive dis¬ 
tillation, and in a few instances tlie ammonia produced was deter¬ 
mined at the same time. Tlie apf)dratu8 u.sed was designed on the 
lines of that used by E. L. l.iomax and F. G. P. Hemfry.^ 600 
grams of shale broken into pieces of smaller diameter than 1 cm. were 
slowly heated in a hoiizontal iron retort to C00°C while steam at 
about 15(CC was })a8scd in. The distillate was condensed in a 
vertical Liebig’s condenser h'ading to a Wolff’s bottle. The gases 
issuing from this wore waslied wiih oil to collect hcav}'^ hydrocarbon 
V'upours, and with sulphuric; acid to collect ammonia. The oil 
obtained from all the deb“rminatiori.s was subjected to fractional 
difitillation, and the results wore all scaled down in accordance with 
the amount of water contained in this combined sample. 

Part of tlie area under report has been tested with a Calyx drill 
by Messrs, M. E. Moola & Sons, Ltd,, and the cores obtained have 
boon examined by the Company’s mining engineer, Mr, R. H. 

Crozier. He used a vertical electrically heated 

mS'ottS'corej. through which steam was passed. The 
distillate from 500 grams of shale w^ passed 

through air-cooled coudensors, then through two water Grubbers, 

» Joim, hi^l. par, hum T(vh., Vol. VIJ, 36,j(1921). 
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'aEd through another acrubber charged with a weighed quantity of 
keroseue oil. Each distillation took about two hours. The water 
drst given oif was drained from the condenser and weighed; the 
results were then calculated on the weight of the shale used, after 
deducting the weight of this water. The crude ojI was drained from 
the condenser and water scrubber.s, separated as far as possible from 
water and weighed. Mr. Crozier’s oil percentages, in my opinion, 

require a slight correction for water, which can be seen under the 
microscope in samjdes of the oil collected. He estimates this at 
3 to 4 percent., but it maybe noted that a saiiqde of crude oil ti-ent 
from Messrs. Moola & Sons to the Geological Survey Office, Cal¬ 
cutta, contained 13 per cent. This, however, Mr. Crozier considers 
to be far beyond the average. The results of Mr. Crozier’s assays, 
which have been kindly cominunicatod to the Geological Survey 

of India by Messrs. M. E. Moola & Sons, arc given in tabular form 
at Jbhe end of this paper. 

We may no^^ consider the nature of the oil-shales in each of the 
three basins. From a point about miles 

Shale north of Htichara village to one on the Mepale 
not (.juite two miles south of the village, 

there are numerous outcrops of oil-shale which tend to strike in a 
N.-S. direction. This is the aiea w’hich has been drilled by Messrs. 
Moola & Sons. The oil-shale, which outcrops about 1], miles north 
of Htichara camp, is to be seen in the Thelamedaw chauug, and is 
imder water in the bed of the chaung. A sample of the dried shale 
taken by me was analysed in the Geological Survey Office, and gave 
2*69 ])er cent, of moisture, 49-25 per cent, ol volatile matter in the 
dry sample and 54-41 gallons of oil per ton of shale. Another out¬ 
crop, about ^ mile west of pit 5, showed 42-57 per cent, of volatile 
matter. Further south, samples were taken from four pits which 
had been dug by Messrs. Moola & Sons, Ltd. Of these four pits 
the most northerly is pit 1. This was about 13 feet deep. Three 
samples were taken from it, viz., sample 1, or the top 2 ^t. 5 ins., 
sample 2, or the next 6 ft. 9 ins., and sample 3, or the next lower 
3 ft. 9 ins. Of these samples, s.amplo 1 showed alternate layers cf 
clay and shale, sample 2 was mainly oil-shale, and sample 3 w j e 
oil-§hale with thin partings of clay, similar to sample 1. 

* 
Sample 1 gave 7<t4 per cent, of moisture and 23 i2 per cent, of \olutiU“ matter. 

#» 

2 
3 

S-6S 
6 61 

tf 

Pf 

fP 

PS 

29ti6 

29-.j3 
9P 

9§ n P9 pp fp tp 



292 Records of the Geological Surwg of India. *' [ VoL. LV- 

Sample No. 1 yielded 9*78 gallons of oil and 20*65 lbs. of am- 
mpnium sulphate per ton of shale. 

Pit 4, about 3 furlongs to the south, is just over 26 feet deep. 
From this pit 4 sainj)les were taken as follows : — 

Sample 4 from a tliickness of 0 ft. 4 ins., from a depth of 2 ft. 
to a dei)th of 8 ft. 4 ins., contained 4-16 per cent, of moisture and 
83*10 per cent, of volatile matter. 

Sample 5 from a thickiujss of 8 ft. 4 ins., from a depth of 8 ft. ' 
4 ins. to a depth of 16 ft. 8 ins,, contained 3*63 per cent, of moisture o- 
and 30*09 per cent, of volatile matter. 

Sample 6 from a thickness of 3 ft, 4 ins,, and from a depth of 
16 ft. 8 ins, to 20 ft., contained 5*28 per cent, of moisture and 30*41 
per cent, of volatile niatter. *' 

Sample 7 from a thickness of 5 ft. 1 in., from a depth of 20 ft. 
to 25 ft. 1 in., contained 4*47 per cent of moistun' and 26*09 per 
cent, of volatile matter. 

The richest sample, No, 1, yielded 16*20 gallons of oil and 14*75 
lbs. of ammonium sulphate ])er ton of sliale. 

Jht 2 lies a furlong or so east of llticliaru village. The de])th 
was over 20 ft. Three samples weie taken and exaiiiimid. 

Samyde 8, from ihe top 6 ft. 8 jiis., contained 5*26 pen* cejit, of 
moistuHi and 29*09 jmm' ci'iit. of volatile matt<*r. 

Sample 9, Irom a thicjknessol 3 ft. 9 ins., next below, contained 
2*44 per cent, of moisture and 36*10 per cent, volatile matter. 

Sample 10, froju a thickm^ss ol 10 ft. next below, contained 
3*41 j)er cent, of moisture and 32*06 per cent of volatile matter. 

The samyue richest in volatile matter, No. 9, yielded 14*44 
gallons of oil and 16*68 lbs. of ammonium sulphate per ton. 

The most southerly ])it is yut 3, which is nearly ^ mile south 
by east of Htichara. From this ])it three samples were collected and 

tested. 

Sample 11, from top to 6 ft. 8 ins., depth, contained 6*61 per 
cent, of moisture and 28*29 y)er cent, of vol.atile matter. 

Sample 12, 3 ft. 9 ins. thick, from 5 ft. 8 ins. deep to 9 ft. 5 ins., 
contained 1*76 y)er cent, of moisture and 36*98 per cent, of volatile 
matter. 

Sam])le 13, 14 ft. 7 ins. tliick. from a depth of 9 ft. 6 ins. to 
24 ft., contained 3*5 ])ei* cent, of moisture and 29*10 per cent, of 
volatile matter. 

The richest sample, No. 12, yielded 26*01 gallons of oil per ton. 
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To the south of these pits an outcrop of oil-shale is exposed in 
the Mepale river just east of tlie junction with the Hticliara stream. 
This yielded 17*51 gallons of oil per ton and 22*31 lbs. of ammonium 
sulphate. Volatile matter amounted to 34*05 per cent. 

About three miles south of this last locality, there is an out¬ 
crop of oil-shale in the Tliiugaunyinaung stream. The rock is 
entirely under water. A sample of thiii yielded only 7*94 gallons of 

oil per ton of shale. 
The determinations reported above were made in the Geological 

Survey laboratory, 
Messrs. M. E. Moola & Sous, Ltd., have 

Ing"*^****^ Prospect- iiriUpf] country near Hticliara village in the 

• following manner 

A strip, two miles long from north to south, and one quarter of 
a mile broad, lias boon divided into eight blocks of one square quarter 
mile each. At each corner of these blocks a bore has been j)ut down 
to about 300 fi'et or less with a calyx drill. Also a bore has been 
jmt down in the centre of each block. The cores thus obtained have 
been analysed. Three coies w'cre sent to Messrs. Simon Carves, 
one to the Geological Survey Ollice, Calcutta, and the rest were 
analysed by the Conqiany’s Mining Engineer, Mr. 11. 11. Groxier. 

The positions of the bores are shown on the map given in Plate 34. 
This map has been kindly supjilied by Messrs. Moola & Sons. 

From the tabular statcjiiients ot Mr. Croziei’s assays, given at 

Discussion of Mr. 
Crozler’s assays. 

the end of the paper, it will be observed that 
111 bores 14, 15, 10, 17, 18, 20, 21,22, 23, and 
24 thei(' is mention of a mark at certain dei»ths 

in the midst of rich shale. This mark is a band of calcareous mud¬ 
stone about inches thick and *8 regarded as a datum line whereby 
to corr(‘late the bores in which it occurs. The jiersistonce of this 
peculiar stratum tlu'oughout the bores, together with the similarity 
of the shales associated with it, indicates a considerable regularity 
in the bedding. It is unnecessary in this general description of the 
oil-shale area of Amherst to enter into minute detail regarding the 
various richer strata of oil-shale in Iltlchara. The figures of the 
analyses given above are easily intelligible to anyone who wishes to 
'itudy them, and they indicate the presence of several quite rich 
strata *of oil-shale, the richest being that associated with the mark 
band, the others being at various heights vertically above this mark 
seam. The seam associated with this mark band is about fi to 7 
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feot thick and contains according to Mr. Crozier’s analyses between 
15 and 19 per cent, of crude oil. Underneath this thickness of six 
to seven feet of rich shale, the strata are considerably lower grade, 
but contain some oil. Thus for instance in bore 21, there is a 
thickness of 8 ft. 7 ins. of shale carrying 9*35 per cent, of crude oil 
situated 31 feet below the rich stratum. 

Above this seam, the Company have located five other seams, 
Hie position of which is shown on the map (Plate 31). These seams 
have been struck in the various bores listed above, and the depths at.i 

which they have been struck by the liores are indicated on the map. 
Thus the seam immediately above the mark seam (marked f on 
Plate 34), is struck in bore 23 at 931 feet, and licre we find a total 
thickness of 5 ft. 8 ins. of rich oil-shale, carrying 13-20 per cent, of 

crude oil, in 14 ft. 2 ins. of strata. 

Above this, in the same bore is a seam 1 ft. 8 ins. tliick,-'carrying 
10*93 per cent, of oil. Above this, boie 19 shows three more fairly 
rich seams, viz. from a depth of 207 ft. 2 ins. to 228 ft. G ins. a 
thickness of II ft. 5 ins. carrying about 11 jier cent, of oil associated 
with 5 ft. 11 ins. of lower grade shale carrying 4-21 per cent, of oil. 
Above this at 139 ft. 5 ins. depth there is a thickness of 12 ft. 7 ins. 
carrying 8-08 jier cent, of oil. The higliest seam showm in these 
bores, is low grad<‘; there are 5| leet ot sliale carrying 8-02 per cent, 
of oil associated with considerable thicknesses of lower grade shale. 

The seams above that marked f are marked a, b, c, and d on the 
map, seam a being the uppermost. 

It is not necessary to go into further detail i-egarding these seams 
since a careful perusal of the bore records and the map will give all 
the information ri-quired. Enough has been said to show that 
primd fade these oil-shales are reasonably rich in ceitain zones, and 
their economic possibilities arc worthy of serious consideration. 

A sample of crude oil, forwarded to the Geological Survey Office, 

Nature of the oil 
from thi Htichara Oil' 
shales. 

(Calcutta, by Messrs. M. K. Moola & Sons 
was analysed b)'^ the (hirator with the fol* 

lowing result : — 
Per cent. 

Water.13 

Light naphtha (up to 150’) ....... 4 

Heavy „ ( „ „ 150‘’.200°).3 . 

Kcioaene, liglit and heavy to 300° .... *3 

Lulincatiug oil above 300° ....... 40 

Residue above 400° ........ 17 
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Messrs M. E. Moola & Sons also sent a sainjjle to Messrs. Simon 

Carves, whose results were as follows :— 

Naphtha from gas 

Light naphtha 

Light burning oil 

Heavy burning oil 

Lubrifiitiiig oil . 

rariiffin Avax 

(!okr rcHiduo 

Per cent. 

l-3(v 

4 

13 

20' 

43 
10 

10 

The al)ovc details give what is probably a fairly accurate idea 
of the east flank of the lltiehara basin. It 

Kcfliioinic Value of considered whether these shales 
the OibShales. could be developed comnKjrcially, On the 

general ])ros])ects of the oil-shale industry reference* may be made to 
the rec4t monographs of U. B. Cronshaw and V. C. Alderson.* 

As these works, as well as various i)a])ers in the j<mrnals comiected 
with ])(’trol('uni, discuss tlie gtuieral ])rosj)eets of the industry, it is 
not necessary to say mueli about it here. There is however a 
general consensus of ojiinion that owing to the increased consunijj- 
tion of oil and the limited number of oil-fields, many of which arc 
declinin*^. the various dejiosits of oil-sliale aajII soonei or latei have to 
be worked. The success of the oil-shah* industry in general must 
depend to a gr<*at extent upon the maintenanee of a good price 
for oil ; a reversion to the low i)rl<*cs pievajling before the war 
would ^itobably render the dev('loi)m(*nt of a shale pro]}osition not 
greatly profitable. But with a fairly liigli b'vel ol market ])riees, 
and reasonably low jiroduotion costs, there aiijHMrs no reason why 
a shale pro[)Ositi()H should not pay well. Each field lias its own 
jiroblems and diflieulties which have to be eueountered and over¬ 
come. Much will also dejieud u})on the skill and extent of the 
operations; a small plant is less likely to pay than one which 
works large quantities of shale. In the lltiehara field, there apjicars 
to be a good supply of shale of a rich or fair average quality, so 
much in fact that it would he possible to obtain large quantities of 
shale by open-casting. Mining again is fairly sinijile ; the strata 
dijj gently, they apjiear to be fairly regular, the barren shales can 
form excellent roof and floor, while the shales themselves would 

* H. B. Oroiishaw :“0il Shaloa, ” (London, .lohn Murray, 1921) ; V C. Alderson : 
“ Tho Oil Shalo Industry ”, (F.-A. Stokes Co., Nc«r York, 1920). 
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form good Lard pillars. Probably retorting can be carried out by 
utilising the gasiis from the shale for heating. 

Diiliculties in tlie way of develojung this area (1) the lack of 
communications witli the sea coast; (2) the heavy rainfall and mon¬ 
soon Hoods; (3) labour [)roblems; (d) the various retorting and 
refilling difliculties, some of which arc very considerable, wliich 
must always be encountered in sidling up a new industry in a new 
area. Some of these obstacdes ajipear to be formidable, but perhaps 
they can be overcome. 

The first difliculty, the absemse of a good road or railway to 

Iltichara, might be met by the building of u railway to Myawaddy. 
This route has 1 believi? been sur\eyed ; it ih one of the trade, routes 
to Siam, and a railway w'ouhl derivi* some I'evimue Irom this trade 
as well at from the he ivy noii-flo itliig timber which could be worked 
from the forests near Myawaddy. The railway need not lie. entirely 
dependent upon th(^ oil-shale industry for its |)rolits, altliough 1 am 
not in a |)osilion to e.\press any ojiinion upon the prospects of such 
a railway. Tlie sei^ond difliculty, the heavy rainlall, wliicli occurs 
from July to Octobi'r, may inhibit the working oi open cut ((uarrics 
during tliose months to a eonsideiabli' e.vii'nt. 

The rainlall at Mt'pah' has been recorded by Messrs. Steel Pros, 
and do., Ltd., who have kindly lurnished me with returns ol rain¬ 
fall for a period ol ten yiors from DPI to 15)22. According to llichc 
statistics the average annual lainlall at Mepale is (SI*I inches that 
is rather less than hall that of Moulmein. Although so much less 
than that of Moulmein, the rainfall is heavy and lulls mainly bi'twemi 
May and Octobiu*. Hence the country is flooded dining part of the 

rains, and the streams are swolhm level with or over their banks. 
Nevertheless something might lie dc/ne by a system of drainage canals. 
Mining also could proliably be canied on. As riigards the remaining 

difliculties, it seems jiremature to discuss them. On the wliole, 
the general im])ressiou gained from a study of the subject is that tht; 
oil-shales oi Iltichara deserve to be seriously considered as a probable 
source of oil, and that there may be jirospects oi their successful 
dovclo]micnt. 

The west and noith parts ol the Iltichara basin have not been 

West and North Parts 
oi lltichiira basin. 

t(‘sted ; all that can be done is to mention the 
natural oulcrops of oil-shale. There arc four 

outoroj)s of oil-slialc in the Me[)a]c river be¬ 
tween Mcpalc and iltiwapalaw villages ; these are shown on the map. 
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Farther north there is an outcrop of oil-shale juRt west of Pute village 
on the bank of the Me]>ale river. Another outcrop of oil-shale is 
seen on the bank of the Mepale river about 1^ miles north by east 
of Putc, There are also oil-shales about miles south-east of 
Tawokywa in the country near the junction of the Howthalu and 
Pawlikah])U cluuings, and not (piite half a mile (jast of the junction. 
These were the only outcro]»s seen, besules those already described. 
They indicate the pieseiicc of oil-shale all round the Jltichara basin, 
but give us no information of the thickness, richness or extent of 
the oil-bearing strata. Doubtless all this area will in time be 
prospected. 

It is clear ffom the map that the greater ])iirt of the Phalu basin 

The Phalu babiii. 

quite iTo'se t(» tin* 

lies in Siam. JVlyaw'addy itself is on alluvium, 
but the rlurassie f{ed Sandstone series outcrops 

town both to (he north and south. The first shales 
arc ex])osed near i\la\\-taw tale \ illage about D miles south of Mya- 
waddy. Here in the Thauiigyin ri\er the oil-shales are w’cll ex]iosed. 
At the top of the section aie three feet of faiily rich looking oil-shale, 
witli some lianen or low grade sh.de below, tollowed again by a 
thickness ol 9 feet ol not veiv lich looking oil-shale, but containing 
some rich looking bands. 

South ot this exposure oil shales an* again seen in the Thaungyin 
at (he Dth mile and Ith furlong cu the road to Phalu. Here J saw 
the following section: 

Kimdy '.h.ilos .... 

Oil-slmlcs. I.iirlv lull in npiMMiancc 

Oil shale, pool loohiiur 

‘S.ind ...... 

Sli.ile (? od-b< aio'^) 

Sand ...... 

('lay and shale 

Sandy elay .... 

()d shale .... 

Sand and shale .... 

Sandstone ..... 

I'T. llIH 

r> 0 
:i 0 

0 (1 

0 (> 

0 4i 
0 a 
r* 0 
0 () 
2 (i 

2 0 

1 u 

The two outcrops of oil-shale mentioned above ire insuflicient 
to give*us any clear idea of the xalm* >1 the Phalu basin, but if the 

Illicliara basin is developed, it will doiilitless be worth wdiile to tofit 
this area further. 



. 2f)8 Recorth of (he Geological Survey of India. [ VoL. LV. 

This basin which lies north of Myawaddy, and stretches as far 
as Kamawkala Gorge, exposes the upper oil- 

latni'Melamat'baB^division of the Tertiary rocks in several 
sections east of Htichara along the Thaungyin. 

The northern section near Kaniawkala is in the lower division of 
Tertiary basal sands. The most southerly exposure of oil-shales 
in this basin is one on the Siamese bank of the Tliaungyin about If 
miles N. N. W. of Myawaddy, The oil-shales appear to be of a low 
grade quality here. For six miles to the north the Thaungyin 
passes through red sandstones, its course lying west of the Tertiary 
basin. In the latitude of Htichara, the Thaungyin turns east 
again, and traverses the Tertiary basin. Oil-shales ^re exposed on 
the Siamese bank ■,* Ttiile south of the Lewa Taung, and again 1 mile 
east and 1| iniloA east of Lewa Taung, and further down stream, 

they are found 1| miles east by north of the Hheti)ulu TatiAg. Of 
these four exposures, the first shows oil-shale about 1 foot thick, 
the second oil-shale about 4 feet thick with 1 feet of banen strata, 
the fourth exposure show’s about 1 foot of oil-shale. Two further 
exposures of oil-shale occur in the Thaungyin about 1 mile and again 
2 miles below the last-mentioned locality. The first exposure shows 
oil-shales about 1 foot thick, the second, which is on the British 
bunk, shows only about 0 inches of oil-shale. The next exposure 
of oil shale is about G miles to the north at the junction of the Nvali- 
a chaung with the Thaungyin. The oil-shale exposed here is about 
1 foot thick. 

Generally the impression derived from my examination of the 
Thaungyin section is that the Mesouk-Methalaun-Melamat basin 
is not so rich in oil-shale as that of Htichara, but the best 
oil-shale of the basin is exposed near the Ilket])ulu and Lewa 
Taungs. One cannot however judge from the casual sections of 
the Thaungyin. It w'ould ap])car that most of the basin lies in 
Siam cast of the Thaungyin river. The country between Mesauk 
and Taung Mesauk is possibly oil-shale territory. Nevertheless, 

if the Htichara basin ever is developed, attention wdll doubtless 
be directed also to those other basins which lie so near, although 
they arc less accessible. We how’ever know little about these 
basins, and must at present be content with the knowledge that oU- 
shale does occur in the localities mentioned, and we must refrain 
from attempting to form any opinion at present of their (‘conoraic 
possibilities. 
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Besulis of Analyses of Oil-shale from Borings near litichara by 
Mr. R. H. Crazier. 

Samples in each case have been cut in accordance with the 
appearance of each individual core and without reference to cores 

pi:eviou8ly sampled :— 

Bore No. 1. Position 
A. 71 

0. 1 

1 

jjeprn. 1 ( 

1 

cut j 

Ft. In. Ft. 
1 

In. h"t. 
1 

In 1 
•> < t 

1 9 0 lo 10 0 1 0 
o 12 0 to 16 6 4 6 

.3 Ifi 0 to 22 6 1 (i 0 

4 H.') 9 to 38 6 2 !> ' 
1 .38 0 lo 13 3 4 9 

0 09 0 to 74 0 .3 0 

7 79 3 to 82 0 2 9 

8 92 9 to !)8 6 .3 9 

n i l.~> 9 to 117 6 1 M 

10 147 0 to l.fjO 7 1 4 10 
143 0 lo 14.3 0 1 1 

11 i.^:t 3 to 1.37 .3 4 i) 

12 167 0 to 170 6 1 3 6 

Rcniaiks. 
Percentage 

of 
(Jrude oil 

IM 
fMfi 
5-1.3 

12-0 
.3-.'12 
3-.'> 
8-7 
2-47 
0-28 

Bore No. 2. Position 

124 6 to 126 6 2 0 , • . • • 

130 0 to 143 0 3 3 1 Small handb Iutw. 

Bore No. 3. Position 

2 0 lo 10 0 8 0 Excluding r 6' dcoom- | 11 02 
pubed filmic ilay. i 

10 0 to 14 0 1 0 Not included in ax t rage. 2-2 
14 0 to 20 6 6 6 .... 1 90S 
20 6 to 28 6 8 0 .... .301 
31 6 to 41 6 10 0 ^ , 1 ■ r 1 -2,3 
76 8 lo 81 S 8 0 >Not iu< 1-80 
94 0 to 97 6 3 6 j average. 5-116 

106 7 lo 113 0 6 .3 .300 
113 0 to 118 7 n 7 1 .. • • 1155 
141 0 to 140 0 2 0 1 I • ( • * 1 .3-11 
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Bore No. 3—conld. 

(Sample 
No. 

l)e]>th. 
Ban)])lc 

cut. 
Remarks. 

Percentage 
of 

Crude oil. 

Ft. In. Ft. In. Ft. Jn. 

11 Kifi (5 to 171 0 4 (5 3 ft 
12 IS.’) 0 to 1S() (■) 1 0 • * • • 8-8 
]:i 191 (5 to 197 0 r. 0 ■ • » • 0:14 
14 199 () to 204 0 4 0 • • • • • 1052 
ir> 204 tl to 207 0 :i 0 :ii 
)<( 2:10 (1 to 2:1:1 11 

• 

:i .'■> lli»lnne(‘ of con's slfipjieO 
to )Siinon (’iitvch fo) 
jujalysis. 

3-r)S 

% A 

Bore No. 4. Position 
(r J.{ 

\ 1:1 0 to 19 ft fi ft .... .7* 12 
2 24 

:ii 
0 
0 

to 
to 

27 
,39 

0 
0 \ 

11 0 100 

:i 19 ft t«) 24 0 '1 
27 0 lo 31 0 Y 1:1 ft .... 4-8 
:i9 0 to 44 0 j 

4 14 0 (0 77 0 11 0 . . • • 3 ft 
T) ,7.7 0 to 77 0 2 0 8-33 
ft 78 0 fo 70 ft 12 ft Not iii(‘l(icl(‘(l in nveiucc' 2-2 
7 80 ft f r) S^) ft 3 0 .7-7 
S 79 3 to 8ft ft 1 :i • • • « :i-8 
9 90 0 <0 94 0 2 0 8-13 

10 91 0 lo 97 0 :i 0 . * * • 40 
II 10:1 0 lo 101 0 > 0 

107 ft to 107 9 
«> li . • « • 4’1) 

12 120 
12s 

9 
4 

to 
to 

121 
132 1 ) 

7 :i .... 7-47 

1:1 ] tft 0 to J.77 :i 11 3 • « . * ft-ftft 
14 Jftft 0 to 177 ft 11 ft . * • . 3-7 
1.7 187 0 to 189 4 4 4 .... 3-ftft 
Ift 213 3 10 217 0 

21ft ft to 219 ft r 
8 14-.38 224 ft to 227 0 C 

9 .... 
228 :i to 229 9 ) 

17 210 
0 1 ^ 

0 
i\ 

to 21:1 
0 1 il 

3 '1 t Jntonn<-diate lower ) 

219 ft 
10 
lo 

M i 0 
221 ft > 11 0 < gr»cl<‘ blinds of [' 613 

227 0 lo 228 3 ) / Hiiinjile 1(1. 
1 . 

18 2.32 0 lo 237 f) .3 ft ■ • • • 7-04 
19 279 0 lo 28] 0 2 0 • k • • 4-43 
20 294 0 lo 29fi 0 2 0 4 • • • ft-ftl 
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Bobe No. 7. Position 

Sample 
No. 

Depth. Sample 
cut. Remarks. 

Percentage 
of 

Crude oil. 

Ft. In Ft. In. Ft. In. 

► 1 24 0 to 34 9 10 0 . • . • 3-66 
2 34 0 to 39 7 1_Q 

42 2 to 43 2 > 
• » • • O O 

» 44 10 to 48 2 3 4 2-97 
4 57 4 to 65 0 7 8 • • • • 2-68 
6 6.% 0 to 76 0 11 0 iSami*!^ includes 15* 7*94 

small limestone hands 
which could Ivi ex- 
eluded in mining. 

3-22 6 • . 86 11 to 90 3 3 4 . • • « 

7 9.5 0 to 102 4 7 4 213 
8 113 0 to 117 4 3 6 8-47 
8 125 0 to 128 6 3 6 614 

10 153 9 to 159 10 6 1 6-45 
11 168 0 to 170 4 2 4 7-66 
12 171 8 to 174 0 2 4 6-48 
la 175 8 to 177 6 

178 0 to 181 11 r ’ 6 5-66 
182 0 to 184 0 J 

501 14 194 8 to 202 0 7 4 
1.5 205 0 to 208 6 3 6 7-03 
16 220 6 to 225 0 4 6 .... 3-25 
17 225 0 to 231 0 6 0 2-66 
18 231 6 to 235 0 3 6 6-98 
19 238 6 to 247 0 8 6 6-3 
20 256 0 to 261 0 4 6 2-75 
21 263 0 to 268 0 5 0 Not included in average. 1-71 

22 268 0 to 270 6 2 6 .... 7-78 

28 277 0 to 281 0 4 0 . . • « 6*7 

Bore No. 8. Position 

1 27 5 to 28 0 ] 2 1 4-9 
29 6 to 31 0 

3 06 2 32 6 to 36 6 4 0 .... 
3 40 3 to 45 10 5 7 .... 6*0 

4 46 7 to 48 9 1 2 2 Not inclinlcd in average. 119 

5 73 6 to 75 0 5 8 2-40 
77 4 to 81 6 s 

3-49 6 81 10 to 85 6 3 8 .... 
7 116 6 to 118 0 ] 4 G 3-12 

118 6 to 121 6 
5-14 8 ' 126 10 to 129 4 2 6 .... 

9 134 2 to 135 4 4 2 3-49 
137 0 to 140 0 > 
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Boke No. 8—contd. 

Dopth, iSamplo 
out. 

Remarks. 
Percentage 

of 
Crude oil. 

Ft. In. Ft. In. Ft In. 

1.56 10 1o 168 t 2 6 
i(i:t 4 to 1<i() 10 .1 () • • • • 
167 4 to 171 4 6 0 • ■ • • 
IKO 8 lo 186 4 4 8 • • • ■ 
ino 4 to 202 8 3 4 Not Jiicliulpd m iivoragr. 
203 1 to 206 0 2 8 . ►,. < 
2li 0 to 216 6 2 <' • • •. 

Bore No , 9. Position . 
4*26 

.58 1 to 62 6 4 0 
78 8 to 80 10 3 t.} 
81 8 to 82 8 p • • ■ 

86 0 to 88 0 2 6 6* Rand liaul jdlow lime 
'.tone. 

90 8 to 94 11 4 1 • • • • 

Bore No. 13 (Supplementary to Bore No. 9). 

9 0 to 16 0 6 0 White niaik. 
20 4 to 21 9 

! • 
o 

27 0 to 27 9 A • • • • 

2.1 0 to 27 0 
i 10 

27 9 to 28 4 • * • 

•10 8 to 60 6 3 10 ■ ■ • * 
60 0 to 63 8 .3 2 

103 8 to 106 3 7 
107 0 to 108 0 4 • • • • 

111 3 to 116 3 1 6 •> 
no 0 to 119 3 > 

t> • • • « 

161 10 to ir-r^ 10 2 0 » • • • 
158 10 to 162 10 4 0 • • • • 
189 4 to 196 8 7 4 • • ■ 
190 10 to 200 0 3 2 • • • • 

204 4 to 208 6 4 2 • • • • 
210 0 to 218 0 

] 3 
0 

219 0 to 221 0 ■ • ■ A 

225 7 to 227 1 1 6 k • • • 
233 1 to 214 !1 1 8 • » • • 
241 1 to 246 4 4 10 

10*65 
.3*7 
3*0 
4*0 
3*2 

20*0»» 

8*91 
6*06 
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Bore No. 10. Position ^ ^ 

Sample 
No. 

Depth. Sample 
cut. 

RemarkH. 
Percentage 

of 
Crude oil. 

Ft. In. Ft. In. Ft. In. 

1 .34 0 lo 3,5 0 I 10 1017 
2 43 4 to 44 .5 2 1 4-12 
3 44 6 to 48 0 4 1 702 
4 48 0 to 62 4 4 10 3-4.5 
6 C2 4 to .50 0 3 8 »-r>2 
6 mi 0 lo .58 0 2 0 3-24 
7 79 2 to HI 2 2 0 4-39 
8 113 3 to 114 3 •1 O • 4-5 120 4 to 122 0 
9 * ' 114 3 to 119 0 3 T\\o white limestone 19-10 

haiuls 2" and ,5" with'. 
10 120 3 to 1.30 10 1 0 8 11-19 

131 8 lo 133 9 S 
11 12.7 9 to 120 3 ) 

130 10 to 131 S f 

) 

2 10 • • • • 3-70 
133 9 to 136 3 

12 148 9 to 152 0 3 3 • ■ a • 3-6 
13 1.52 0 lo 1.5.5 0 .3 0 ■ • • • 9-4 
14 1.56 0 to 158 3 3 3 • • . a 3-11 
1.) 172 0 to 177 0 ,5 0 Not iiiclinli'd in avci.ieo. 1-0 
10 187 0 to 191 1 4 1 a » a ■ 7-70 
17 210 r> to 2H K 1 3 a . . 5-12 
18 222 i to 224 5 .5 0-72 

218 3 to 221 9 1 
10 204 4 to 20.5 10 1 0 a a a a 15-0.5 
20 209 9 to 272 9 3 0 .... 4-9 

Bore No. 11. Position 

1 19 9 to 21 4 1 7 . a > a 

2 28 0 to 32 0 4 0 .... 

8 32 0 to 34 9 2 9 .... 

4 34 9 to 39 4 4 7 
6 40 4 to 40 4 0 0 a . a . 

6 50 9 to 03 .3 3 0 • a a a 

7 78 11 to 82 0 3 1 • a • a 

8 94 7 to 101 3 6 8 Shows 1 + 2* white 
9 limestone bands. 

0 93 
101 

0 
3 

to 
lo 

94 
103 

7 
0 

mmrnmmmmmm 

4 a a a ■ 

lisi 
5-67 
3] 9 

1400 
2-95 
4-OY 
4'r.7 

17-36 

3-7 
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Sample 
No. Depth. Sample 

cut. Remarks. 
Percentage 

of 
Crude oil. 

Ft. In. Ft. In. b't. In. 

16 0 to 16 6 \ 
s 0 10 

17 0 to 22 4 
23 8 to 29 0 6 4 
56 6 to 58 0 1 6 
60 0 to 01 2 1 2 
71 4 t(» 72 0 t 3 7 
74 4 to 76 9 

• 

92 0 to 93 0 1 0 
99 8 to 103 0 4 4 

103 0 to 100 6 3 (( 
100 0 to no 8 4 2 
112 2 to no 0 3 10 
134 11 to 137 11 3 0 
ir>5 0 to 
ir>H 3 to 
108 0 to 
170 6 tt» 

177 3 to 
182 2 to 
188 9 to 
185 7 to 
191 0 to 
208 2 to 
211 0 to 
229 S to 
26.5 9 to 
268 10 to 
276 0 to 
280 6 to 
285 0 to 
243 0 to 
215 9 to 

156 3 
100 0 
170 0 
177 3 

182 2 
185 7 > 
191 0 S 
188 9 > 
192 3 S 
211 6 
210 0 
231 3 
207 9 
273 0 
279 10 
284 0 
289 8 
243 0 ^ 
250 4 > 

2" white band 
175' 2". 

2" white band 
180' 7' . 

10-46 
8-64 
3 0 

14-66 
2- 42 
5-68 
5-46 
3- 76 
5-37 

17-46 

3 41 

12-96 

10-19 
3-21 
3- ,34 
2-97 
5-14 
70 
4- 17 
0-7 

Bore No. 14. Position 
A. 26 

4-75 (2) * 

1 19 7 to 21 1 1 6 • ■ • * 10*87 
2 27 1 to 34 8 7 7 • • • • , 6*67 
3 ! 34 8 to 39 2 4 6 • • • • 11*33 
4 41 0 to 43 2 2 2 Not included in average. 1*63 
5 58 8 to 61 2 2 6 6*76 
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Bore No. 14—contd. 

305 

Sample 
Nn. Depth. Sample 

cut. 

Ft. In. Ft. In. Ft. In. 

a 93 9 to 101 3 7 0 

7 101 3 to 100 0 4 0 
8 100 8 to 109 0 

112 7 to 114 0 1 4 i> 

■0 100 0 to 100 8 
109 0 to 112 7 } 4 10 
114 0 to 115 1 J 

10 1.32 4 to 139 1 0 () 
11 130 1 to 132 4 t •» o 

139 1 to 140 1 •> 

12 152 10 to 158 8 5 10 
1.3 104 8 to 165 8 A Q 

• 107 0 to 172 8 O 

14 173 8 to 184 8 M 0 
15 185 

194 
10 
0 

to 
to 

190 
194 

0 
8 

1 
S 

5 t 

10 19<) 0 to 194 0 3 (> 
17 197 8 to 200 8 3 0 
18 201 0 to 200 8 5 O 

19 229 0 to 231 3 \ o 
232 0 to 235 3 > 

•+ •> 

20 241 5 to 245 .3 3 10 
21 247 4 to 251 1 .3 9 
22 271 6 to 279 0 7 7 
23 283 2 to 287 10 4 8 
24 288 5 to 290 8 ( ii Q 

291 5 to 295 10 s 

licrnai'kB. 

ShowH white mark at 
U‘)' 4". 

1 Not iiu'liulcd in 
average. 

Percentage 
of 

Crude oil. 

1511 

2- B4 

140 

4'G3 

G‘4I 

l-2» 
2 m 
0-7 

1-9 

3- 0 

(M» 
90 
C-7 

3- 14 

«-4 
40 
6-9 
4- K 

30 

Bore No. 15. Positto? '4 

1 2 4 to 4 0 5 - 1 
4 10 to 8 4 > 

2 8 4 to 1.3 8 5 4 
3 13 8 to 17 0 3 4 
4 17 0 to 21 1 3 1 
6 22 11 to 25 1 2 o 

101 0 to 102 0 
6 102 10 to 100 3 y 4 10 

100 7 to 107 0 ) 

i) 2 110* Clay band 4 4'-10'. 
Mark at 0' 0''. 

18-81 

2- 9 
12-9 
3- 1 

10-3 

4-6 
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Bore No. 16. Position 
A. 
6-6 

£jaraplo 
No. 

1 

:< 
4 
5 

(i 
7 

Depth. Remarks. 

Ft. 111 Ft. In. Ft. In. 

14 
22 

11 
4 

to 
to 

15 
23 

8 
11 

( 
) 

2 4 * . . . 

27 0 to 30 0 3 0 • » 1 • 

81 1 to 87 r> 6 4 M.iik lit 8.r 74' 
92 4 to 100 .) 7 10 • • • • - 
91 0 to 92 4 n 

* 

100 3 to 101 8 3 
<> V » « t « 

1*16 2 to 120 2 4 0 • * • • 

120 2 to 123 9 3 7 • • R • 

Peroeniogo 
of 

Crude oil. 

I 

0‘2 

}3‘14 
16*94 

8*44 

2*09 

7-48 
3-72 

Bore No. 17. 

1 13 5 to 1.5 0 
18 8 to 19 4 
21 8 to 22 8 
26 0 to 28 0 

2 31 U to 3.5 1 
37 5 to 38 5 
11 8 to 44 0 

3 3t 4 to 34 9 
3.1 1 to 35 7 
38 5 to 41 8 
44 0 to 45 0 

4 49 8 to 59 1 
.50 4 to 54 8 

fi 47 3 to 49 8 
60 1 to 50 4 
54 8 to 69 0 

6 69 0 lo 61 9 
7 66 9 to 08 9 
8 95 1 to 99 7 
9 115 6 lo 119 10 

10 129 1 to 133 3 
11 133 3 to 139 1 
12 161 4 to 102 11 

165 7 to 160 6 
1,3 182 10 to 188 3 
14 20.5 0 to 200 5 
1.5 213 4 to 219 0 
16 220 0 to 224 0 
17 243 7 to 247 0 
IS 260 7 to 260 7 
19 : 266 7 to 271 7 
20 I 271 0 to 273 6 

5'()2 

16-72 

T-OO 

12 6 

3*7 

4-23 
4-0 
6-6 
4-41 
8-44 

6-72 

4-49 
9*61 
6-68 

14-04 
3-31 

1701* 

2-67. 
18-11 
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Bore No. 18. Position . 

Sample 
No. 

Depth. Sample 
cut. Romurks. 

Peroentage 
of 

Crude t)il. 

Ft. In. Ft. In. Ft. In. 

1 8 7 to 12 3 3 8 415 
2 17 3 to 22 0 4 8 3-91 
3 22 10 to 26 10 3 0 • • • 3-63 
4 27 5 to 29 (> 2 1 « • > • 14-74 
r, 35 

4ii 
0 
.3 

to 
to 

47 
4!) 

11 
11 

) 
> 

14 7 .... 80 

(( til) 1 to 72 11 3 10 • * • • 3-87 
7 91 10 to 90 ri 4 7 6'31 
8 105 0 to 109 5 "1 

• 110 2 to 112 0 > 9 9 • • • 
112 5 to 115 II J 

9 133 
136 

3 
10 

to 
to 

134 
137 

7 
10 

1 
) 

2 4 » • t • 6-17 

10 155 1 to 100 4 5 3 • « • 4'06 
11 173 

180 
4 
4 

to 
to 

174 
183 

4 
4 

) 
1 

4 0 * « b • 8'85 

12 186 0 to 190 (> 4 6 .... 18 43 
13 190 6 to 195 0 1 0 3 38 
U 208 0 to 211 7 3 7 3-91 
15 244 0 to 250 11 6 11 ^Lllk 15-97 

Bore No. 10. Position -4^ 
I * • 
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Boeb No. 19—Gontd. 

Sample 
No. Depth. Sample 

cut. 
liemarks. 

Percentage 
of 

Crude oil. 

Ft. In. Ft. In. Ft. In. 

20 207 2 to 210 4 > 0 6 IMl 
211 10 to 215 1 1 • • • • 

21 210 
216 

4 to 211 
1 to 219 

10 
6 

( 
> 

6 11 .. . 4-21 

22 210 
223 

6 to 222 
10 to 226 

4 
0 ) 

5 0 .... 1006 

23 1 222 4 to 223 10 4 0 4-39 
226 0 to 228 0 

24 228. 6 to 231 6 .3 0 1036 
25 231 6 to 239 7 8 1 • • • • 3-25 
26 1 320 11 to 324 7 3 8 i .... 4-63 

Bore No. 20. Position 
6*25 

1 2 2 to 2 9 } 10 9 10-33 
9 11 to 20 1 ) 

2 23 9 to 27 0 3 3 • ■ » • 3-12 
3 69 10 to 62 5 2 7 Not included in average. 2-58 
4 73 9 to 70 0 2 3 ■ • • « 6-16 
6 80 0 to 91 11 5 11 • • • • 3-91 
6 91 11 to 99 0 7 1 • • • ft 7-04 
7 116 8 to 117 8 2 0 ft ft » • 1026 

140 0 to 141 6 
S U6 4 to 146 9 y 6 9 • ft ft • G-86 

149 0 to 151 10 / 
0 161 

155 
10 to 152 
9 to 160 

10 
6 

1 
s 6 9 ft ft ■ • 12-76 

10 160 
166 

6 to 109 
0 to 108 

6 
0 

\ 7 0 .... 6-00 

11 196 7 to 203 9 7 2 Mark 201' 10". 15-04 
12 209 

214 
5 to 212 
8 to 216 

2 
0 

( 
) 

4 1 ft ft ft • 12*61 

13 196 9 to 196 7 
206 9 to 209 6 ( 8 0 2' 8" core lost. Actual 6-28 
212 2 to 214 8 core 6' 4'. 
216 0 to 217 0 

Bore No. 21. Position 

6 7 to 9 0 "1 
13 4 to 14 1 r ^ 2 ft ft ft ft 6-07 
19 0 to 20 0 J 

2 23 4 to 31 2 7 10 ft ft ft ft 6-33 
3 42 

63 
6 
0 

to 
to 

43 
66 

7 
4 3 6 6-09 



?ABT 4.J Cotter : OH-shiiles oj Amk&rst, Burma. 

Bore No. 21—oontd. 

Sample 
No. Depth. 

Sample 
out. Remarks. 

Percentage 

Crude oil. 

Ft. In. Ft. In. Ft. In. 

4 to 0.3 
3 to 06 
9 to 72 
2 to 70 
4 to 82 
7 to 86 
4 to 94 
6 to 96 
2 to 101 

10 to HI 
5 to 84 

10 to 92 
2 to 94 
1 to 142 
0 to ir)6 
0 to 161 
3 to 172 
0 to 174 
9 to 180 
0 to 188 
3 to 199 
5 to 207 

10 to 213 
6 to 209 
7 to 271 
2 to 262 
0 to 252 

Mark at 254' 6". 

10-87 

6-50 
8- 43 

13-20 
1914 
9- 36 

Bore No. 22. Position 

11 0 to 12 4 
21 9 to 22 9 r ^ 11 
28 1 to :i2 8 j 
48 6 to 60 0 1 6 
70 0 to 74 9 4 9 
89 3 to 89 8 h 
93 7 to 96 3 r ® 6 
99 11 to 103 4 / 
89 8 to 93 7 

1 « 0 
95 3 to 99 11 

124 9 to 126 3 
143 6 to 147 9 
169 7 to 167 4 
173 2 to 181 2 
167 4 to 173 2 

143 6 to 
169 7 to Mark at 165' 3* 

10-84 

13-40 

4-64 
4-03 

16-84 
10-77 
4-36 • • • • 
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Bore No. 23. Position -5^. 

Sample 
No. 

Depth. 
Sample 

eut. 
RemaiKs. 

Peroontago 
of 

Crude oil* 

Ft. Jn. Ft. III 

18 4 to 21 2 

21 2 to 25 4 

30 2 to 3G 19 

30 It) to 41 G 

51 0 to 57 0 

GO 4 to 72 7 

83 3 to 83 8 

89 i) to 90 4 

93 0 if) 97 5 

87 0 to 89 0 

9t) 4 to 93 0- 

12() S to 

U() 11 to 
15(i « to 

115 7 
120 t> 
1:1:1 8 1 
lu; 11 
15li 5 
151 3 1 
159 1 I 

Marie at 115' 

Bore No. 21. Position • 

3 19 to 4 7 1^ 
G 7 to 8 10 

19 5 to 10 10 { 

12 7 to It 
20 2 to 21 
22 11 to 24 

8 10 to 9 
o 1 

It) 10 to 11 
• 

14 0 to 15 

19 2 to 20 
24 5 to 25 
27 1 to 27 4 J 
58 2 to GO 8 

80 3 to 84 5 
84 5 to 90 5 

99 11 to 103 8 

115 10 to 129 5 

128 10 ' to 130 0 

i:i3 8 1 to i:is 1 
140 a 1 to 144 3 

130 0 to 133 S 

138 ] [ to 140 3 

144 3 to 147 

I Not ineludetl in average. 
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j^ABT 4.] Cotter : Oil-shales oj Amherst^ Burma, 

Bore No. 24r—corUd. 

Depth. . Remarks. 

Ft. In. Ft. In. Ft. Tn. 

11 168 8 to 102 2 :j (5 
12 187 II to l!)l () () 7 
1.1 200 5 to 202 10 ) 

206 1 to 200 IS ' " 
14 180 11 to 187 11 

* 104 0 to 200 .6 ^02 
202 10 to 205 1 J 

3- 06 
Maikut lS)2'«y. 18-72 

. . 1610 

4- 75 

Peroenta^ 

Crude oil. 

Sample 
No. 

10-72 

6-20 

5- 05 

4 33 

4-82 
4-17 

10- 78 

6- 9.5 

11- 63 

4-10 

A. 26 
jDKjan, x^u. £i\j. ± uoiviuu—7T26~* 

8 2 to 0 6 1 4 
14 9 to 21 2 6 6 Coto 1.5'’to 17' lost. 
30 10 to 32 10 2 0 CoioSr 8‘'-32'2’ lost. 
37 0 to 30 10 2 4 • • 1 • 

62 6 to 02 11 10 6 ('ort'63'6''-66' 6" lost, 
and 59' 4"-60' lost. 

6-01 
3 77 
0-83 
6-91 
8-75 
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Bore No. 26—oorUd, 

^amplo 
No. 

Depth. 
Sample 

out. Remarks. 
Peroent»ge 

of 
Crude oil. 

Ft. Jn. Ft. In, Ft. In. 

7r> 5 to 
110 4 to 
jia 6 to 
122 1 to 
110 8 to 
110 0 to 
120 2-to 
133 8 to 
138 0 to 
131 3 to 
134 11 to 
12> 4 to 
DW 7 to 

71 0 } 

70 10 > 
116 8 i 
119 9 } 

125 4 J 
118 0 ) 
122 1 1 
131 3 
131 11 y 
139 9 j 
133 8 ) 
135 7 ) 
129 2 i 
138 0 S 

17-46 

,12 08 

Bore No. 27. Position 

1 10 0 to 11 8 "1 
13 1 to 13 6 2 0 
14 11 to 15 4 J 

2 11 8 to 13 1 o 

13 0 to 14 11 lU 

3 31 1 to 35 10 4 9 
4 35 10 to 39 5 > K A 

43 8 to 45 5 s 
O *T 

0 75 0 to 78 0 K n 
81 0 to 83 0 ) 

i> 

0 91 9 to 98 6 6 9 

7 HI 7 to 117 4 6 8 
8 127 8 to 1.30 1 K 1 

133 4 to 136 0 3 
Jl 

9 130 0 to 146 2 10 2 

10 140 2 to 153 2 7 0 
11 152 2 to 1.58 7 5 5 
12 158 7 to 170 6 11 10 
13 170 5 to 175 7 5 2 
14 175 7 to 181 2 ) Q A 

180 8 to 189 5 O •± 

15 181 2 to 186 8 5 6 
10 192 2 to 197 8 5 0 
17 204 8 to 208 2 3 G 
18 208 2 to 211 2 .. 

6-43 

89-2 

6-40 
142'1 "-142' 0’ 

10 59 

2-59 
• 6-26 

4-17 
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Borr No, 28, Position 
A. 25 

7'76 

1 

2 
» 

4 
5 

6 

7 
8 
• 

9 

10 

' 11 

Depth. 
Sample 

cut. 
Bemarks. 

Ft. In. Ft. In. Ft. In. 

5 7 to 8 2 ] n 1 
10 0 to 13 6 

1 • •ft 

25 6 to 29 6 4 0 • • • • 

33 6 to 35 6 2 0 • • • 1 

38 0 to 46 9 8 9 Missing 39' 3"42'. 
•56 2 to 04 6 8 4 • • • • 

73 3 to 81 0 7 9 • • ■ 1 

81 0 to 8.5 5 4 5 .... * 
91 
98 

9 to 
9 to 

94 
1(K) 

9 
6 1 ^ 

9 • f • • 

136 10 to 144 4 7 0 • • • ( 

144 4 to 151 4 \ 10 (t 
152 4 to 155 10 

0 1 ■ • • 

151 4 to 1.52 4 •1 
155 10 to 158 1 j •’ 

i) 4 ( 1 

Forcontago 
of 

Crude oU. 

3-79 

2-20 
9*21 
329 
412 
7-74 
5- 81 

6- 06 

14>29 

6-78 

12>08 

EXPLANATION OF PLATES. 

Plate 34.—Sites of Borings near Hticliara. Scale 8^^ 1 mile. 

Plate 35,—Geological Map of Eastern Amherst, Scale 4"^ 1 mile. 
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Provisional List of Paleozoic and Mesozoic Fossils 
COLLECTED BY DR. COGGIN BrOWN IN YUN-NAN. BY 

F. R. Cowper Reed, Sc.D., F.G.S. 

A series of papers dealing with the geological results of his ex¬ 
plorations in Yun-nan has been published by Dr. Coggin Brown 

in the Records of the Geological Survey ot India during the last ten 
years, and there are references in their pages to the discovery of 
fossils at many localities.^ The specimens have been entrusted to 
me for determination, and a Memoir dealing with them will appear 
in due course in the Palaonlologia Indira.^ Although the manu¬ 
script is nearly rchdy for the press, it is thought that in the mean¬ 
while a provisional list of the fossils ju-o\'iding the paloeontdlogical 
evidence for the occurrence of the various stratigraphieal horizons 
would be useful to other workers in Yun mm and in neighbouring areas. 
It is interesting to find in the pii'sent collection rich faunas of Lower 
Carboniferous and Permo-Carboniferous age possessing the same general 
characters as those aheady described by Mansiiy and others in 
Eastern Asia. There is also a noticeable occurrence of a Devonian 
fauna from one locality. Attention should also be drawn to the 
abundant Upper Triassic louna of Miao-tsway which exhibits somewhat 
the same characters as that of the Nucida marls of the Sunda 
Islands and of the Padang beds of Sumatra. The Namyau beds of 
Bathonian age, which occur in the Northern Slian States, are also 
represented in another locality and have yielded atypical series of 

fossils. 

LIST OF FOSSIDS. 

Cambrian. 

T.o-chia-ying, (K12’242).® 
Redlichia cf. cJiinensis Walcott. 

^ Rec., Oeri?. Suri\ Iitd.f Vul. XLlIl, pp. 173 -206, pp. .127—234, (1913); 
Vol. XLIV, pp. 38-.—122, (1914); Vol.XLVH, pp. 20;—266, (1910); Vol. LIV, 
pp. 68 86, 296 323 and 323—349, (1922), 

* It should bepointod out that Dr. (Wper Re.*d Imh airt'ady des-ribed in dftail the 
Ordo\ieian and .Silurian fossils e<illof ted by me in V'uii nun. i'oo Pnl. ln(’,, new aer., 
Vol. VI, Mem. No. .1, (1917). .1. ( oggiu liiown. 

* These numbers rotor to those uiiucr which 1 h* fossils are register! d m the books of 
the Qeologieal Survey of India. 
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Ordovician. 

Fupiao, (K17-658). 
Caryocrinus 8}). 

Devonian. 

miles from CMn-chiang-kai, Yung-pe route, (K17-531) 
Favosites cognafa Hp, nf)v. 

Pachypora aff. polygonalis Mansuy. 
Sfriafopora refarda/a Bp. nov. 
Awplmus yunnanvmis sp. nov. 
Crinoidal remains. 

Ortflis c-f. bistriata Tseherr 
,, aff. Gervillei Defr. 

• Chonetfs pleheia Schnur. var. nov. plwilweata. 
„ sarcinulata Schloth. var nov. yungpeensis 

Spirifer sp. a. 
„ sp. b. 

A try pa desyuoMala 8ow. 
Conocardinm sp. 
Jovdlania sp. 
Orthoceras sp. 
Sphyradocerns ? sp. ♦ 
Proeius wedios2yinoHUS sp. nov. 

Lower Carboniferou.s. 

Ta-sliih-wo, (Kn-987-994) and (K12-2;b5) 
Nodosoria s]). 
Renicra sp. 
Syringo'pora intermhta sp. nov. 
Awplexi(s sp. 
Campophyllutn cf. caninoidcs 8ibly. 

Caninia aff. Nik it ini Stuck. 
„ afE. Lonsdalei Keys. 

Cyathophylhm fraternum sp. nov. 
„ sororium b]i. nov. 

Fischerina insoUta sp. nov. 
„ solitaria sp. nov. 

Rhodophyllum elvsim si), nov 



316 Records of the Gedogiccd Survey of India. { VoL. LV. 

Histiophyllum occuUum sp, nov. 

, Cyclophyllum sp. 
Poteriocrinus sp. 
FenesteUa aff. laxa Phill. 

,, sp. 
Glauconome aff. bipinnata Phill. 
Rhombopora cf. higemmis Keys. 
Orthis {Rhipidomella) Michelini Lev. 

„ (Schizophoria) aff. resupinata Mart. 

Schellwienella crenistria (Phill.) 
Leptwna analoga Phill. 

Productus yunnanensis Loczy. 
„ „ var. 
„ . cora D’Orb, var. 
„ longispinus Sow. 
„ muricatus Phill. var. nov. paucispinosa. 
„ {Pustula) impersonatus sp. nov. 

ChoneU'S cf. crassistria McCoy. 
„ papilionacca (Phill.) 

Spirifer hisulcatus (Sow.) var. trigonalis Mart. 
„ „ var. Kleini Fischer. 

„ duplicicosta Phill. var. 
„ tornacensis De Kon. 
„ aff. calcaratus McCoy. 

Spiriferitia cristata Schloth. ? 
Loxonetm sp. 
PhiUipsia spinifcra sp. nov. 

Sow-wa-shu, (K11-977-K11-979). 
Sponge spicules. 
Zaphrentis sp. 
Bothrophyllum sp. 
Campophyllum sp. 
Syringopora sp. 
Crinoidal remains. 
FisluUpora sp. 
SchellivicneUa crcnislria (Phill.) 

Orthis {Schizophoria) cf. resupinata Man*. 
Chonetes sp. 
Productus yunnanensis Loczy ? 
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StraparoUus ? sp, 
Euomphalus ? sp* 

Hp-shiu-tang, (K11*983, 984), 
Textuhria sp. 
Bigenerina sp. 
Trochammina sp. 
Chostetes subradianf Mansiiy ? 

Rhodophgllvm ? sp. 
Histiophylluw ? sp. 
CUsiophyllum sp. 

Si-yaug rocid, (K12*240). 
Michclinia siyangensis sp. nov. 

• 

M-yang gorge. {K12-241). 
Dysodonia Drpruti Mans^lv^ 
Parnihdodnv cf. obtusus (PhiU.). 
Edmondia nil. Goldfussi Do Kon. 

Talu-Wei-sha route, (K17*535). 
Syringopora mekongensis sp. nov. 
Reticularia indica Waag. var. nov. yunnanmsit 
Li'perdilia viatoi sp. nov. 

„ Okeni Munst. var. nov. intumescens, 
„ ^ suhoequahs sp. nov. 

„ sp. 
Bairdia cf. mvcronata Reuss. 

Ta-huang-ti and Man-mu route, (Kl7'5i0). 

Nodnsaria sp. 
Cyathophylliim sp. 
Aviculopecten (Pierinopectcn) sp. 

Murchisonia sp. 

Fang-ma-chang, (K11*996), (K17-569). 
Ilemitrypa sinensis sp. nov, 

« Poly pom cf, fastuosa De Kon. 
„ sp. 

Rhonibopora sp. 
Cnnoidal remains. 



318 Records oj the Geological Survey oj India. [ VoL. LV. 

Upper Carboniferous. 

Tau-nien-lu, (K12*2.S6). 
Neoschwagerina craficulifera (Schwager). 
Fusulina cf. montipara Khreub. 

Nakoli-Pu-erh-Fu, (Kl7*548). 
Endothyra sp. 
Valvulina sp. 
Bigenerina sp. 
Fusulina sp. 
Clinuicamniina ? sp. 
Ttochammina ? sp. 
Neoschwagerina sp. 
Gex)dites sp. 

Yang-lin road, (K12-239). 
Fusulina sp. 
Endothyra sj). 
Reniera ? sp. 

Tang-clii, (K12-237). 
Fusulina sp. 
Endothyra sp. 
Cribrospira sp. 
Reniera sp. 
Haplislion ? sp. 
Sollasia cf. Dussnulti Mansuy. 

„ ? .SJ). 

Arobopora ramosa Waag. & Wentz. 
Mcnophyllum i sp. 

Orthis {Rhipidomella) aff. Pecosi Marcou 
Spirijer {Martinia) tangchicnsis sp. nov. 

( J> ) ^P* 
Athyris {Spirigerdla suhinangvlaris sp. nov. 

Microdoma ’ parvituberculata sp. nov. 
Naiicopsis sp. 

Eul-kai. (K12-233). 
Campophyllum vigilans sp. nov. 
Productus ? sp. 
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Streptorhynchis afF. pelargonalus Schloth. 
Athyris (Semimda) cf. snhfihfa Hall. 

„ ( >j ) enlkoiensis Mansuy ? 
S'pirifer ap. 
Euomphfdus {Schizosloma) cf. calillus Mart. 
Pleurotowaria {Mourhnia ?) vulkaiensis ap. nov, 
Bellerophon (Waagenella) sj). 

Carboniferous, (Lower or Upper). 

Ven-tsu-shao, (KJ 2*238). 
Incittfc. foramiuifera. 
Dihutiophyllum ? s]). 
Spirijrr orienlalis TmcIutii. \,ar. 
Ponrlli • i Hj). 

f 

Between Mong-chu and Ping Chang, (K17-5()0). 
Archinn'des ? sj). 
Indet. foraininifera. 
(Vinoidal remains. 

East of Yimg-chang Fu plain, (K 17*570) 
Phillipsio {Prock'lhi sp. nov.) cognata sp. nov, 

Wan-chia-tien, (Kl 7-552). 
Zaphrentis ? s]). 
Campophyllum aff. Uchrenki Stuck. 

Yuunan-i, (Kl 7-554). 
HupUslion ? sp. 
Amplfius ? sp. 
Amphipora afF. socialis Roman, 

Between La-meng and Tai-jnng-tza, (K 17*650/. 

Lithosfration i sp. 

Ta-wang-miao, (Kl 7*556). 
Endothyra ? sp. 

E 2 



320 
I 

Records oj the Geological Survey of India. [ VoL. LV, 
* 

Weottsni side of Pu-piao plain, 2 miles from village, 
(K17-657). 

Indet. coral. 
Chonetes ? sp. 

^siii-niu-kai, (K17-r)4), Kl7-6f)7). 
Oeodites ? sp. 
Indet. g’^tropod® 

Ihan-say, (K11*981). 
Fenestella b]). 
Crinoidal romainfi. 

Td-huang-ti—Nahsai route, (K17*539). 
Indet. foraniinifera. 

Range to east of Yung-pe valley, Sinchang route, (K17*555) 
Amphipora s]). 

Pass to Kai-tou, (K12-243), 
(Jhnnetes hardrensis Pliill. ? 

Talu—Woi-sha, (K17*5()0). 
Amphipora asiatira ,s(). uov. 
Hel'dus fip. 

Tsin tfiun (K 12*234). 
Aiveoliles I'homsoni sp. tiov. 

THhv imphyllnm Rp. 
UtaH/iii ? sp. 

Permo -Carbontferou s . 

ra-h-shao, (K12*231). 
Michelinia yunnanensis sp. nov. 
Syringopora ? sp. 
Zaphrent's sp. 1. 

„ sp. 2. 

,, sp. 3. 
Poteriocrinus cf. maschatensis Homan, 

sp. 
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Ciinoid stem, type 1. 
» type 2. 
» type 3. 
» type 4. 

Fenestella assumpta sp. nov. 
„ elusa 8p. aov. 
», sp. 

Rhombopora ? sp. 
Thamnicella orienlalis sp. nov. 
Aoanthoclema ? sj). 
Geinitzella sp. 
Ortkotichia Morgani (Derby). 
Derbya of. grandis Waag. 
Productus semigratiosus sp. nov. 

„ tenuistriatus Do Vern. 
,, of. eora D’Orb. 

„ {Pustula) ‘iM<ftulatus Keys. 
„ ( ,j ) AbicJn Waag. 
„ ( „ Jiothpl. var. 

„ sp. 
Sfrop/talosia projima sp, nov. 
(Jhonctcis psendorariolata Nik. var. nov. yunnanesis. 

,, Moli't^gntaJJi Broili. 
,, ct. gcinitziava Waag. 
,, all. transilionis Kroi. „ S]). 

Alhyris {Cleiothyridina) iotssyntui Keyb. 
,, of. tiuiorensis Rothj)!. 
,, {Act i noconch us) hp. 

Spirifer fasciger Keys. 
,, Fritschi Schellw. var. nov. peregrina. 
„ rajah Dav. 
„ Schellwieni Tscbern. var. 
,, aflf. carnicus Scliellw. 
„ of, tastuhensis Tscbern. 
„ ct. mruna Dien. 
„ {Marliniopsis) talishaoensis sp. nov. 

„ { „ ) cf. Waag 

>> ( >> ) ^1^* 

Relioula/ria sublincala sp. nov. 
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Notothgris ? ep. 
Carnarophoria afi. Purdont Dav. 
Rhynoh{t2>ora ? emerila sp. nov. 
Aviculopecten hiernalis Salt. var. nov. alia. 

„ cf. Deprati Mansiiy. 
aff. Kokschurovi De Vorn. 

Palaeolmia scabrosa sp. nov. 
Modiola yunnanensis sp. nov. 
Parallclodon [Macrodon] cf. wuUistriafus Girty. 

„ I >1 ] cf. ienuistriatus Meek. 
Conocardlum ail. Room Mansuy. 

,, i S}>. 
Plcnrotomaria i np. 
Bellerophon i sp. 

Ta-ii-shao, (Kl‘2-232). 
Productiis cf. C^ancruu Do Vein. 

„ S]). 

Spirifer {Marfinia) cf. simensis Tscliern 
„ {Marliniopsis ?) sp. 

Ta-'i-sliao, (K17*562). 
Productus cf. ylano-hemispho'rium Notscli 
Spirifer {Marlinia) bellistriatus sp. nov. 

Tit J AS. 

Ping-cliang and Ta-hi-ti, (K 17*542), 
Encrinus liliformis Millei. 

Near Ping-chang (K17*543, K17'544). 
Protrachyceras ladmurn M(ds. 

„ cf. Reitzi (Boeckh). 
Coelosiylina {Gradiella) cf. semigradata Kittl. 
Pecten cf. discites Schloth. 
Posidonia cf. wengensis Wissni. 

Miao-tsway (Kll-903, K11-970). 
Pecten Nerei Miinst. var. 

„ {Syncyclonema) subsecnius sp. nov. 

Liina cf. Telleri Bittn. 
„ a£E. ausiriaca Bittn. 
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Avicula afE. arcuata Munst. 
Mysidioplera of. incurvostriaia Gumb. 

„ paucicostata sp. nov. 
Gervilleia Krumhecki sp. nov., 

„ afE. planata Broili. 
CassmHella cf. Verheeki Krurnb. 

,, cf. gryphoeala Munst. 
,, cf. hidorsaia Munst. 

Halobia aff. tropitum Kittl. 
Myoconcha \ sp. 
Cucullcxia (Macrodon) cf. impressa Munst. 
Lada [Nnculana] ywuianensis sp. nov. 

„ [ ,, 1 jycrlonga Mansuy. 
,, [ ,, ] aff. sulccllala Munst. 

Nucula strigillata Goldf. 
,, ,, var. nov. cxtensa. 
,, misoloisis JaAvorski. 
,, subwquilatcra Schafb. var. nov. iswayensis. 
,, subobliqua D'Orb. 

PaltjeoHcUu prwacula Klipst. 
Cardita {Palwocardiia) cf. burncu (Boehm.). 

,, „ ghbifonnis Boettger, var. nov. Healcyi, 
„ .. Mansuyi sp. nov. 
„ cf. Irapczoidalis Krumb. 

Myophoria Verbcekl (Boettg.) var. nov. curia. 
,, Mansuyi sp. nov. 
„ cf. Volzi Freeh. 
„ a if. jf 5.9 identata Wohrm. 

Myophoricardium cf. linealum Wohrm i 
Pachycardia rugosa Hauer. 
Pomarangina ? cf. cassiana Bittn. 
Rhcrtidia aff. Zitteli Bittn. 
Athyris [Spirigeral i sp. 

Beyond Huang-lo-chai, (K17*647). 
Trachyceras {Sireniies) sp. 
Ptychites ? sp. 

, Coshstylina afE. Beeri Kittl. 

Scurria delicata sp. nov. 
CassianeUa gryphosaia Munst. var. lenuistria Munst. 
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GerviUia proBcursor Quonst. var. nov. protracta. 
Pinna afi. lima. Boehm. 
Gonodon cf. Mdlingt (Hauer). 
Cardita aff. singularis Healey. 

Cardium sp. 

Yunnan-i, (Kll-971, Kll-973-Kll'975). 
Ilalobia yunmnensis sp. nov. 

„ pluriradicda sp. nov, 
lioferia sp. 
Leda [Nuculana] sp. 
Palaeoneilo suborbicularis sp. nov. 

Buchites ? sp. 

!Wtanmu-Naku route, (K17-537). 

Pecfen aff. quotidkmus Healey. 
Linta [Playiostoma) ct. nuda Parona 
GervilUa cf. pneeursor Quenst. 

,, ct. shamorum Healey* 
„ cf. sanofi-y(dU Stopp. 
,, nakuensis sp. nov. 

Modiola cf. frugi Ilealoy. 
,, aflE, mihliana Bittn. 
„ S]). 

Anodonlophora manmuf'n.sis sp. nov. 
,, cf. ooahs Parona. 

Myirphorurpsis {Pseudocorhidti) ( hp. 
MyoconcJui cf. (/aslrochcena (Dunk). 
Pleuromya ? sp. 

Cardium ? sp. 

Near Ta-shan-shio, (K17*538). 
(1) Soft greenish mudstone. 

Pecten afi. suhalternans D’Orb. 
Gonodon cf. Mariani Tomta. 
Anoduntophora cf. griesbachi Bittn. 
PcUwotieilo afi. dliptica Goldf. 

(2) Shaly mudstone. 

Daonella cf. Lotmnd% Wissm, 
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(3) Grey limestone. 
ThecosmiUa aff. fenestrata Reuse. 
Alveopora ? sp. 
Spiriferim 'i sp. 

Jurassic, (Bathonian). 

Two miles below Liu-wuii, on the Lu-chiang—Fang-ma-chang 
route, (K17'53G). 

RhynohoneUa {Burmirhytichiu) adjudiccUa sp. nov. 
,, ,, conjiircUa sp. nov. 
„ ,, prosslans sp. nov. 

„ „ teuuiplicata sp. nov. 
„ „ luchimgmsis sj). nov. 
,, ,, ,, var. 

{(^TifpUtrhytu'hia 0 «p. 
Tcrebratula {HolcofJn/ns) nnyusta Buckm. 

,, ,, fleJd Buckm. 
,, ,, pinqmis Buckm. var. nov. luchi- 

uugemis. 
,, ,, ,, vur. nov. olivce- 

form is. 

„ „ ,, var nov. htigi- 
sulcafa. 

Ostrca cf. avuminota Sow. 
,, (Eiogyra) cf. aurijormis Goldi. 
,, ,, subrosfrafa s]) nov. 

Peclen {Camptmucles) cf. Ims. Sow. 
i, cf. wulhslonensis Lyc. 

Lima aflE. cardiiformis Sow. 
Gervillia ? sp. 

Cucullasa cf. cucullafa Goldt. 
Hippopodium cf. rhomhoidale Phil. 
Cypticurdia sp, 
Pholadomya % sp. 

Jurassic, (Horizon doubtful). 

Bottom of ascent to Tai-ping-tzu, (K17*553). 
Pecten aff. annulatus Sow. 
Exogyra sp. 
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Waldheimia 1 sp. 
Rhynclionclla \ Bp. 

Jurassic or Triassjc. 

Between Ta-hi-ti and Man-mu, (K17‘5()8). 
Themmilia I sp. 
Phylhcmia ? sp. 

Of doubtful stratiokapuical reference. 

(’ ossils indeteniiinable). 
(rt) Ta-liuang-ti—Man-mu, (K17-541). 
(6) 300 foot above the Salween between La-meng, and 

Tai-ping-tzii, (K17-559). 
(c) 12 J miles from Shun-kia-tsun, Chi-ta-iia route, 

(K17-559). 
((/) Above Ihng-chang (K17-546). 
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Note on the Fall of Three Meteoric Irons in 

Rajputana on the 20TH May 1921. By L. Leigh 

Fermor> O.B.E., D.Sc.j A.R.S.M., F.A.S.B., F.G.S. 
Superintendent, Geological Survey of India, (With 
Plates 36 to 38.) 

I—GENERAL REMARKS. 

IN the year 1907 1 published a ])aj)er entitled ‘ Notes on some 
Indian Aerolites' containing accounts of the circumstances 

attendant upon tlie fall, and of the external characteristics of speci¬ 

mens, of four Indian aerolites, followed by notes on five other falls. 
A list of meteoritic falls recorded in India uj) to 1905 is given. 

The total was 71, of which all but three (Nedagolla, Kodaikanal, 
and Lodhran) were stony meteorites or aerolites ; and of tlu'sc 71 all 
except Goalpara and Kodaikanal weie seen to fall. It ^\a8 sugges¬ 
ted that during the twentieth century at least one fall a year 
within the limits of the Indian Empire would be reorded. 

Since 1905, Lc., in Hi years, 22 fresh falls have been recorded, 
s(» that the expected average has been realised. In addition an ear¬ 
lier fall ( Kamsagar ) has been recorded, so that the total of Indian 
falls including two earlier finds (Assam and Singhur) now stands at 96, 
of which three are irons, - for one of the latest falls (Samelia, 
1921) is a sidcrite-and two are siderolites (including Singhur). 

For the sake of convenience these 25 falls are listed below in 
chronological order :— 

Date of fall. 

1S46 (found) 

iS47 (found) 
1902, Nov. 12 

1906, Dec. Ifl 
1907, May 9 
1910, Jan. 7 
1910, Sep. 15 
1910, Sep. 19 
1910, Nov. 24 

» iicc,, C/tol. hid., XXXV, pp. 70-95, (1907). 

Name of fait 

AsHam 

Sinj'liur 
Kamsagar 

Vibhiiupur 
Chainpur 
Mirzapur 
Baruti 
Khohar 
Lakangaon 

Described. 

W. von liaJdmger See CS. T. Pri. 
or. Catalogue, p. 9, (1923). 

H. (lirand see prior t.e.,p, ICO. 
J. Coggin Brown, Rec., XLV, 

pp. 223-225, 

do P. ('otter, Rec., XLIl, 
pp. 265-277. 
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Date of fall. Name of fall. Described. 

1911, Jan. 22 Toiik ( Cbhabra.) W.A.K. Ohriatie, Kec., XLIV, 
pp. 41-51. 

1012, April . Shupiyan J. (Joggin Brown, Jiec., XLV, 
pp. 221-22,3. 

J. Coggin Brown, Jtec,, XLlll. 
pp. 237-24S. 

1913, Jan. 12 JlAnawal 

1911, April G Kuttipurara J. Coggin Brown, Jtec,, XIV, 
]jp. 209-221. 

1915, Jan. 19 Visoiiui 
’>-11. Walker, liic., XLVII, pp. 

1910, April 5 Kkh Khora J 1 273-279. 
1910, July 10 Siiltanpur ] 
1910 Nov. 21 Rainpurhai ] 
1917, Fob. 20 
1917, July 23 

Hnnehapar I " H. Walker, Jitc., LIV. pp. 
Oranganoie j 133-142. 

1919, May 1 Adhikol 
1920, Au«. .*{() Merua 
1920, Doc. 23 At ami 
1921, Jan. 17 liari])iira 
1921, May 20 SniTielia 
1921, Sept. 9 Shikarpui 

Accounts t)f the first 17 falls have been given by Drs. C’oggin 

Brown, Christie, and (hotter, and Mr, H. Wjilk(jr, in the volumes of 
the Records of the Geological Parcel/ of hxHa indicated : the remaining 
b arc still iindescribed, but the falls have been recorded in the (leneral 
Reports of the Geological Survey of India for the years 1911), 1921, and 

1922, reH{)ectively.2 
It is pro])osod in the ^nesent paper to place on record as before 

the oircuinstances ac<‘oin])>inying the fall of the most remarkable 
of these new acejuisitions, namely the three siileiites of thoSamelia fall, 
together with an account of the characteristics thereof. 

II—THE SAMELIA METEORITE. 

Although over three; hundred siderites or rneteovic irons and 
siderolites are now known to science, very few of these have 
been seen to fall, the remaind<'r having been found lying on the sur¬ 
face, or discovered by j>loughing, ejuarrying, load building and gold 
washing oj)erations, etc., at depths up to 32 feet from the surface, 

<*11. H. AVt., iS'//T. lii'i., LI, 7, (1!)20). 
L. fi. Fi-rriior, O/k ciI., LIV, j). 10, ( 1022 ). 
E. H. Pasooo, Op. oil., LV, i». 0, (102?), 
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The numbBr of siderites and siderolitca of which the fall has been 
recorded, as given in Dr. G. T. Prior’s catalogue of meteorites published 
by the BritiBh‘MuReum in 1923, is 23 siderites, and 6 siderolitos, of 
which one sidorite (Ncdagolla) and one siderolite (Lodhran) are Indian. 

Great interest attaches, therefore, to the fall of three meteoric 
irons in Rajputana on the 20th IVIay 1921. Two of these siderites 
fell in the jungles of Samelia (25^^40', 71'’r)2') and Bcshki (25°39' 
74°53') about 7 miles W. N. W. ofShahpuTa, in the Chiefship of the 

’ same name, and the third in the village of Beskalai (7<1'^47'. 25^39') 
in the Banera Estate* of Me war, lying immediately to the west of 
the Shahpura Chiefshi]). Through the kind offices of the J'olitical Agent, 
Haraoti and Tonk, and of the Resident in Mewar, and the generosity of 
the Kamdar of Shahpura, and of the Raja Sahib Bahadur of Banera, 
these meteorites are now in the collection of the Geological Survey 
of India. The prinei])al account of the circumstances of this fall is 
given in a letter from the Kamdar ot Shahpura and tlie Political 
Agent, Haraoti and Tonk, by whom the lall was first brought to our 
notice. This account states :— 

“ On the afternoon of the 2(ith May 1921, at about 5-30 p.m. a 
meteor, like a radiant globe, a])| eared in the sky running from south 
to north and leaving a while trail in the sky but if disappeared after 
a quarter of an hour. The globe buist at last thundeiing like a 
volley of guns when several ))i<‘ces like melted iron are said to have 
dropped down on the earth. Two of these pieces fell in the Shahpura 
Chiefship one weighing one seer 2.1 chattnks. The other weighing iO.J 

chaft.iks.” 
The account given of the fall in Banera territory states ;— 
“ It fell from the sky accomy)anicd by a loud re])ort produced by 

the clashing of clouds. It looked like a red hot piece. As it fell it 
entered the ground to the dc])th of seven inches ”. 

The weights of the three njeteoric irons are as follows :— 

170.A Samelia l]2r» ;ir) grammon. 
170.B Beshkalai 740-.')l gramme'*. 
J70.C Beshki .'iSCeSS granimofl 

The specific gravities of these three irons have bticn found to be 
7*831, 7*858, and 7*826, respectively. 

According to the 1 inch sh(M)t No. 38 of the Rajputana Topographical 
Survey, Beshki is about ^ miles S.S.E. of Samelia; Beshkalai is 

not marked on fJds map, but judging tiom the coordinates as given 
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ia a letter from the Mahakma Khas, Udaipur, to the Resident in 
Mewar, this village must be close to the village of Dantal and some 
5 miles west of Beshki. The distribution of the sidcrites does not 
throw much light on the direction of flight, but it is worth noticing 
that the heaviest y)iece was found at the most northerly locality, 
as would be expected if the flight were from south to north as stated. 

Brief descriptions of each specimen may now be given. 
This siderite is of irregular angular shape, which will be realised 

better from the photographs (Plate 3G) than from 

SameUa^* any description. It shows several straightish 
edges and one triangular face, which presumably 

bear some relation to the internal crystallographic structure. Except 
along some of the edges, where the bright metal "is exposed, the 
siderite is almost completely covered with a thin black crust, 
generally smooth as seen with the naked eye, but showing under the 
lens a net-work of fine raised lines, which often lie roughly at right 
angles to the edges, as if caused by the rush of air over these edges 
acting on the thin molten crust. In places where the flow ridges are 
fewer or absent the crust is stippled with minute raised points. At 
one or two corners the metal has been slightly haiiunered, jnesumably 
out of curiosity by the lindej-. There are a few minute cracks in the 
meteorite and occasional depressions that tend to be holes and sug¬ 
gest that the siderite w^hen sliced may prove to contain a small 
proportion of some substance additional to the nickel-iron of which 
it otherwise appeals to be composed. 

This is the specimen found (at Beshkalai) in the Banera estate. 
Its very irregular shape is shown in the photo¬ 

graphs (Plate 37 ). The irregular surface is 
again no doubt an index to the internal structure and several of the 
depressions approximate to the triangular. The crust is very similar 

to that of 170. A and show^s under the lens the same flow lines and 
stippled points. There are also a few minute cracks, and at certain 
corners the iron has been slightly hammered. One corner appears 
to have been broken off subsequent to the formation of the main 
crust, but prior to arrival at the earth’s surface : for the fractured 
surface reveals a ])arallel laminated structure in the metal} with 
the edges of the laminee slightly fused over. 

This siderite is much less perfect than the the two preceding. 

170 c From Beshki crude and appears to have been 
broken during flight subsequent to the formation 

170. B. Prom Beshkalai. 
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of the main crust, and, as in 170.B, to have been partially fused 
over, though not sufficiently so to hide completely the laminated 
structure of the metal. One end of this edge has been severely 
damaged artificially by filing or hammering. Near the other end of 
this edge is a right-angled dejnession showing the basset edges of 
the lamina' of the metal dipping at about 66° to the edge between 
the two faces of the right angle. The crust itself is, on one side of 
the meteorite, considerably thicker than on 170 A and 170.B, and 
the fusion lines on this portion of the crust are much coarser than 
on the other sidcrites and are easily visible to the naked eye. The 
remainder of the crust is smoother, but with “ thumb marks”, 
indicating the direction of the flight; this portion of the crust is 
thinner than the portion of the crust referred to above, and may 
be of later age. (Plate 38.) 

Although there is no reason for doubting that these three meteoric 
irons form^one fall yet an inspection of the pliotographs will show 
at once that there are differences in general aspect. Thus the angula¬ 
rity ot 170.A is on a much larger scale than that of 170.B, whilst 
170.0 is more rounded and less angular than either, with an ap¬ 
proximation in appearance towards the “thumb-marked” aspect of 

some stony meteorites and with the flow lines over a ])ortion of the 
crust on a much coarser scale than in 170. A and 170.B. A consid^'ration 
of these facts, w’ith the meteorites before one, drives on^ to the con¬ 
clusion that the parent mass was, at the time of entry into the earth’s 
atmosphere, of some magnitude, and that the metal was more 
coarsely crystallised ( 170.A) in one part than in another (J70.B). 
The rounding ol 170.C and its much thicker crust on one side than 
elsewhere and than in 170.A and 170.B, and its more evident signs 
of fusion in the thicker crust, suggest that this siderite was derived 
from the outer portion of the parent siderite. Similarly the facts that 
170.A and 170.B have a much thinner crust and are more angular 
than 170.C indicate probably that the former were derived from the 
interior of the parent siderite at the time ot disruption and that frac¬ 
ture followed, as might be expected, the lines of crystallographic 
cleavage ; and also that the duration ol the flight through the earth’s 
atmosphere subsequent to disruption was insufficient to permit of 
the same degree of rounding of edges and angles by lusion as charac¬ 
terised “the surface of the parent siderite before disruption. 

As these three meteoric irons have not yet been sliced, it is not 

possible at present to give an account of their chemical composition 
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and internal structure. Indeed, it is perhaps doubtful whether it is in 
the interest of science to cut up any of those specimens, carrying 
on their surface, as they appear to do, clues to their recent adven- 
res. 

This siderite is, as already noted, the twenty-fourth of which the 
fall has been observed. Omitting the two aerolites, Assam and Goal- 
para, the siderolite Ringhur and the siderite Kodaikanal, the fall of 
which was not observed, we have now records of the fall in India be¬ 
tween 1798 and 1921 of 89 aerolites, 2 siderites and 1 siderolite, This 
is not a very dissimilar proportion from that for the world as a whole 
as deduciblo from Dr, Prior’s catalogue of meteorites up to 1922, 
namely 417, 24 and 6.^ The small proportion of siderites and si- 
derolitcs to aerolites doubtless has some simple explanation that- will 
one day be forthcoming.- 

But accejiting it as a tact we must regard the 302 siderites recorded 
in Dr. Prior’s catalogue as found up to 1922 as the accumulated falls 
of a thousand years or more. The sidei(ditea being composed partly 
of stony materials, have not been so easily jireser^ed and the 30 
specimens recorded m Dr. Prior’s catalogue as found up to 1922 
rejiresent probably an accumulation of n few centuries only. 

’ Including the meteorites liHtcd m the present paper, 

* Whotherwe-.supposethat mdPont(‘Hiuofrngn}cntRofthe oarthtomolf atthe time of 
departnn* of the moon, or fnigmonts loosed fumi tho jiaront body of the solar system at 
the time of its tidal disruption by lU'iir uiijinwch of another stollar Inidy {Sw my paper 
“ pTcUminnry noti on tho Origin of Mdi'ontcs,” ,7oMrw. /I. li., iV. S., Voi. Vlll, p, 
H22. (11122 )lil sopms nasouabU to aiitiripiilp that a higher jiroportion of tho fragments 
of tho sionv onist ol the luimordial body than of tho metallic interior wouki bo flung 
olT into space 

EXPLANATION OF PLATES. 

I’liATR S'*.-Iron meleojito found a1 Samolia. 
Vlatb 37.— ,, „ „ Beshkalai. 
I'LATE 3S.-~ „ „ „ „ Beshki, 
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MISCELLANEOUS NOTE. 

On a Crystal of Monazite from Simuftala. 

The monazite crystal described below was presented to the Presidency 
Oullege, Geology Department by Mr. A. T. Bose, M.Sc., who picked it up 
as a stray specimen, (not in siiv), near Rimultala. 

It is a portion of a single crystal and measures 2.8 x 2.4 X 1.1 c.ra. The 
colour is reddish-brown, inclining to black in places. The lustre is resinous 
but pearly on cleavage faces. Hp. Gr.=5'22. In thin sections the colour 
is yellow. The crystal shows absorption lines of didyniiiim earths with a 
direct-vision spectroscope. 

The faces of the crystal are so dull that the angles could not be measured 
with a reflection goniomeler. A contact goniometer was therefore used. 

The following forms are developed—a (100), in (110), w(lOl), x (lOl), 

c (flOl) andv (111). The rare form c (001) is conspicuously developed 
here, and the crystal has an extremely perfect cleavage parallel to this face. 

In colour, lustre and specific gravity it resembles the Pichhli (Gaya) 
crystals described by G. H. Tipper.^ The crystal is. however, tabular, purallol 
to a (100), which in this case is the dominant form. 

Saeatlal Biswas. 

Bhupendranath Maitra. 

‘ /?er., Oeol Sun. Ind., Vol. L. (1911)), p. 259 
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INTRODUCTION. 

The method of classification adopted in the first Review of Mineral 
Production published in these Records (Vol. XXXII) 

although admittedly not entirely satisfactory, is still the best that 
cab be devised under present conditions. As the methods of 
collecting the returns become more precise and the machinery 
employed for the purpose more efficient, the number of minerals 
included in Class I~for which approximately trustworthy annual 
returns are available-increases, and it is hoped that the minerals 
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of Class II—for which regularly recurring and full particulars 
cannot bo ])rocured- will in time be reduced to a very small number. 
In the case of minerals still exploited chiefly by primitive Indian 
methods, and thus forming the ])a8is of an industry carried on 
by a largo number of persons, each working independently and on 
a very small scale, the collection of reliable statistics is impossible, 
but the total error from year to year is not improbably approxi¬ 
mately constant and the figures obtained may be accepted as a 
fairly reliable index to the general trend of the industry. In the 
case of gold, the small indigenous alluvial industry contributes such 
an insignificant portion to the total outturn that any error from 
this source may bo regarded as negligible. 

The average value of the Indian rupee during the year 1923 
wai|l5. 4g®2t?.; the highest value reached was Is. and the lowest 
Is. The values shown in table 1 and all following tables of 
the present Review are given on the basis of Is. id. to the rupee. 

From table 1 it will be seen that there has been an apparent increase 
of over £1,200,000 or about 5 per cent, in the value of the total production 
over that of 1922. The value figures, however, are somewhat artificial. 
In some instances, although the output has fallen in (piaiitity, it has in¬ 
creased in value ; such increase does not necessarily give a true indica¬ 
tion of the slate of an industry. 

The number of mineral concessions granted during the year 
amounted to 624 against 672 in the preceding year; of these one 
was an exploring license, 513 were ])rospcc'^ing licenses and 110 were, 
mining leases. 

Table 1.—Total value of minerals for which returns of Production are 
available for the years 1922 and 1923. 

— 
1922 

(Ru|)oe--- 
Is. 4ed.) 

IncreaHC. Decrease. 
1 

Variation 
per cent. 

Coal . 
Petroleum . 
Manganeao-orefa). 
add 

£ 
9,755,343 
7,202,494 

915,428 
1,857,577 

£ 
9,738.569 
7,007,915 
2,215,984 
1,702.642 

£ 

1 ,,300,650 

£ 
10,774 

194,579 

154.936 

—0-2 
— 2-7 

+ H21 
— 8-3 

(Carried over 19,730,842 366,288 -1-130-9 

(a) f. u. b. \ rIuo at Indian ports. 
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Tablk \.~T«ua 0/ fninemU for which returns of P,oduclim are 
amilable for the years 1922 and 1923~~cojx\A. 

1922 1023 

I Ineroase. 
4rf.) la. 4,/.) 

Bn,„ght forward . 19,730.842 20,005,110 | 1.300,08(1 

and J<‘ad-ore 
iSnll. . . , , 
iSiJvc; 
Mica Ih) . 
Iriiildin^ materials 
L'lii anJ f Ill-ore . 

Saltpelie 
Iifrii ore 
J.uJeite (fj) . 
t'hioinit" 

Saopliijx) mid 
Sjiinel 

'I'lingsfen-ore 
Ch.Va. 
Vagnesife . 
Zniu-tfre (6). 
I'linsphate . 
Oclne 
^'npjiei .lie . , ’ 
AJuiii 
I'uDo’s earlli 
iMoii.i/i((. 
|{.iii\i(e (r) 
Nte.ifife . * 
l>Hinonds , 
I'aiyles 
lln-eiute 
Soili . _ ‘ ■ 
/iri‘()ii 
^i.VpHUln 
Ainbf'i . 
Aibeslim 
Hyilile 

94A,137 
744.»0() 
975.234 
3H'^.683 
394.833 
188,‘J(>3 
234,800 
104,428 
124.81 J 
24,080 
48.487 

25,035 
] O.tMiO 
10.040 
90.505 

1,133 
3.805 

20.509 
0.(J5] 
2,451 
1,871 
1,003 
2.432 
6.110 
3.200 
1.200 

08 
1,280 
1,315 

131 
701 

(5) Export valupH. 
(f) Excludes the value of 932 tons. 
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II.—MINERALS OP GROUP I. 

CJhromit®. Iron. 
Coal. Jadeite. 
Copper. Lead. 
Diamonds. IVfogneBite. 
Gold. 

Manganese. 
Mioa. 
Monazite. 
Petroleum. 

Ruby, Sapphun Silvex. 
and Spinel. Tin. 

Salt. Tungsten. 
Saltpetre. Zino. 

Chromite. 
There was a very large increase in the production of Chromite 

which rose from about 22,800 tons in 1922 to over 64,200 tons in 
the year under review. This increase was mainly due to greater 
mining activity in the Mysore State. 

Table 2.—Quantity and value of Chromite produced in India during 

^ 1922 and 1923. 

— 

1922. 1 1 1923. 

Quantity. 
Value (Rupee= 

Is. 4a.) Quantity. Value (Rupees 
U. 4d.) 

Tons. Rs. £ Tons. Rs. £ 
Baluchistan— 

Quetta-Pisbin • • • • 1,267 6,364 424 
i^ob . 18,648 2,88,227 19,216 

Bihar and Orissa^ 1 1 1 
Singhbhum 1,147 914 11,977 798 

Mysore— 1 
1 

EaBsan 2,644 3,68,262 24,661 
Mysore 962 |EQI 1,283 I BBEhI 40,736 

Total 2i,m 3,61,287 1 24,086 1 54.242 1 7,66,791 51,119 

Coal. 
There was ^n increase during the year of some 646,800 tons, or about 

3'4 per cent., in the output of coal. This increase was due chiefly to 
Bihar and Orissa and Bengal, but Hyderabad and Central India 
also contributed. The Central Provinces shewed a decrease of nearly 
1*^ per cent., and the outputs from Assam and Baluchistan were also 
considerably reduced; the Punjab shewed a slight decrease. The 
increase in Bihar and Orissa was due to the two great fields of Jharia and 
Raniganj, to the recovery of the Giridih field and to the steady expan¬ 
sion of Bokaro. The maiden efiort of the Talcher seams, which have 
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been referred to in previous reviews, amounted to some 4,800 tons. 
Tbe Sftsti field of Hyderabad again shews a considerable decline which, 
however, is more than balanced by the partial recovery of the Singareni 
field. The Sohagpur field of Central India nearly doubled its production, 
but Umaria continued its decline. Ballarpur and the Pench valley 
were chiefly responsible for the serious drop in the Central Provinces 
output. The new Loi-an coalfield of Burma, which is of Gondwana and 
not of Tertiary age as formerly supposed, has made strides during the 
year and increased its output from 172 tons in 1922 to just over 2,000 
tons in 1923. 

The pit’s mouth value of coal decreased in some areas and increased 
in others. In Burma it increased another 5 rupees or so, as it had done 

the previous year, and the rate in Baluchistan rose nearly Rs. 1-7-0. 
In the Punjab the drop in value amounted to Rs. 4-14-0, in the Centftil 
Provinces to Re. 1 and in Raj putsna to Re. 0-4-5. Bengal and 
Bihar and Orissa both shew an av(‘rage decreas<‘, the presidency of 

Re. 0-8-4 and the province of Re. 0-1-10. 

Table 3.—Average Price {'jfer ton) of Coal cjrtractcd from the mines 

in eaefh province during the gears 1922 and 1923> 

1922. 1923. 

Rs. A. r. Rs. A. r. 
AuBani ...... 8 r» 4 8 11 1 
Baluchistan ..... l.i 7 6 14 14 4 
Bengal ...... 9 10 1 9 1 9 
Bihar and Orissa .... ■ ■ 6 If) 6 8 13 7 
Burma ...... Ifi 0 0 21 3 3 
Central India ..... .5 i:i fi n 13 0 

Central Provinces .... 7 10 7 6 10 7 
Punjab .. 14 13 10 9 Ifi 10 

Itajputana. • a 7 2 2 6 13 9 

Table 4.—Origin of Indian Coal raised during 1922 and 1923. 

Average of 1022. 1023. 
last five years. 

Tons. 'J’ons. Tons. 

Gondwana coalfields . . 1M9<>>848 18,620.613 19,218,284 

Tertiaiy coalfields .... 4.34,487 490,473 439,404 

Total 19,925,335 19,010.986 19,657,778 
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Table 5.- Provincial Production of Coal during the years 1922 and 1923. 

Province. 

Awtam 
ItiilucliUiiaii . 
Bengal 
iiiLar and Oriasa 
liiirnin 
Central India 
Contra] J’rovim ch 

Bydetabad . 
1‘unjnl) 
llai])utana . 

Total 

1922. 1923. InoreaHc. Decrease. 

Tons. 
348,103 

00,135 

Tons. 
320,149 
42,502 

Tons. Tons. 
21,954 
17,573 

4,328,08(5 1 4,021,578 292,592 • • 

12,711,328 
172 

13,212,250 
2,106 

500,922 
1,904 

101,231 
075,910 

175,050 
548,074 

14,719 
127,842 

042,880 
07,180 
15,055 

058,429 
03,501 

7,119 

15,,549 
' 3,079 

7,930 

19,010,986 19.657,778 825,776 ■ 178,984 

Table G.- Ottijml of the Goudwaua Coalfields for the ycuhs and 1. 23 

1922. 

TniiH. 

I’pi rent, ot 
Indian 
total. 

Toiirt. 

Per i ent. of 
Indian 
total. 

JlciKjiil, liihar ami ()i i'ii>a - 
Boknro 
J)alt ongan j 
(liridih 
(laiiiti 
Jlmiia 
Itajnmlial ILiIIh . 
Itanigarli . 
llampur (Baigarh-Uingir) 
Kaitiganj . 
Talclier 

Bioma— 

Loi-an (Kalaw) . 
Ceiiiral Indio— 

Sobagpur . 
Uniaria 

Central Provinech— 

ilallarjmr . 
Mohpuni . 
Bench \'alley 
Shahpur ■ 
Yeotmal . 

Hyderabad— 
(Sasti 
Singareni . 

Total 

1,037,171 
31,933 

059,101 
90,012 1 

9.930.299 1 
2,801 1 
4,505 1 

08,018 1 
5,203,214 1 

5-40 
017 
3-47 
0-51 

52-27 
0-01 
0-02 
0-30 

27-37 

1,000,300 
11,815 

713,598 
82,100 

10,340,016 
2,036 
4,197 

50,790 
5,557,424 

4,810 

5-39 
0-00 
3-58 
0-42 

52-03 
0-01 
0-02 
O-LO 

28-28 
0-02 

172 1 • a 
2,(K>3 0-01 

42,093 ' 
118,538 

0-22 
0-02 

80,125 
95,825 

0-41 
0-49 

132,080 
84,900 

453,484 
1,009 
3,087 

0-70 
045 
2-39 
0-01 
0-02 

112,362 
87,387 

346,094 
2,063 

168 

0-57 
0-44 
1-76 
0-01 

• • 

38,622 
004,358 

0-20 
3-18 

29,204 
029,226 

0-20 
3-21 

18,520,513 97-43 19,218,284 97-77 
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The yield of the Mftkuiti field of Assam decreased })ractically to its 
hguru for 1921 , both Baluchistan fields shewed heavy decreases also. 
Kaiputana produced less than half what it did the previous year, and 
the total from the Punjab shews a decrease. 

Table 7. Output of the Terliarjf Ooalficld-s for the years 1922 and 

1923. 

1922. 1923. 

Tons. 
I‘et cent, of 

Indian 
total. 

Tons. 
I’er cent, of 

Indian 
total. 

Khawi and Jaintia HiUh 
Makuni 
Naga Hill!# 

453 
291,747 

.5.5,903 j" 

2fK) 
270,343 

i55,(iO(i 

» 

y 1-05 

JlafucliisUtit— 
Kalat, MarJi, S'oi llangc 
Klutst .... 

29,2(i'.» t o:ii l(i.0.5S 
2f...501 

1 
1 

1 0 22 

tiuunn-- 
Kamapying (Mngni) . . 1 

1 

193 000 

Pirnjdh— 
.Tbeluin .... 
Minnwali .... 
bhalipur .... 

47,S32 
14,301 
.5,047 

0 3.* 
43,2.53 
11,99.5 

S,2S3 
0 32 

liajpiiUina- - 
Bikaner .... j 15,0.5.5 0 08 7.119 004 

Total 1 490,473 
1 

2‘S7 439,494 2-23 

The export statistics shew an increase of nearly 59,500 tons, while 
the imports of coal and coke on tlie oflur hand fell to practically half 
what they totalled in 1922. Over two-fifths of the iinimrts came from 
South Africa whose contribution increased by ovit 38,000 tons. Austra¬ 
lia and “ other countries ” are the only other sources whose contribu¬ 
tions shew an increase. From the United Kingdom imports fell from 
718,500 to only 125,300 tons ; from Jaj)au India received a paltry 4,GOO 

tons instead of 55,500 tons in the previous year. 



Il6 Records of the Geohgiod Swvey of India, [ Vol. ttVt, 

Table 8.—Exports of Indian Coal and Coke during 1922 and 1923. 

i 
1022. 1928. 

Quttotlty. Vnluo (Eui>ep j. 
1». M). ^Quantity. 

Value (EupeeM 
1 1«. 4d.). 

To- Tons. Bs. £ Tons. Ks. £ 

Ceylon .... 76,466 10,24,893 68,326 119,616 20,19,641 134,643 

Other Countries . 13 r>13 36 16,943 3,21,744 21,449 

Total 76,4711 10,25,436 68,362 136,559 23,41,385 186,002 

Coke ..... 032 .36.997 2.466 16 575 38 

Totil ol Coal and Coke 77,in 10,62,4 IJ 7U,m 186,676 2 t,41,960 j 
1 

156,130 

Table 9.—Imports of Coal, Coke and Patent Fuel during 1922 and 
1923. 

1922. 1923. 

Quantity. Value (Eupee — 
1«. ill}. 1 

1 
Quant Ity. Vjlue (Eupee^- 

le. 44). 

From— Tons. lU. A 1 'J ons. Es. £ 

Aiu-tralla aud New Zealand 17,849 6,57,330 
! 

43,822 
1 

21,61,940 144,120 

Japan ... 55,547 21,21,080 141,405 1 4,000 1,04,274 10,952 

Portuguese East Africa 1.57,122 57,74,45:t 381,964 115,042 31,10,309 207,354 

Union of South Africa . £31,548 72,07,760 480,517 269,777 69,31,088 462,113 

United Kingdom 718,487 ! 2,78,80,912 1,858,727 1 125,260 1 44,98,022 £99,001 

Other Countries . 11,413 2,64.271 17,018 i 31,404 8,67,408 57,831 

Total 1,191,966 4,39,05,808 2,927,0.54 ' 606,423 1,77,34,201 1,182,280 

Coke. 28,673 14,52,654 90,843 18,495 9,18,802 61,253 

Patont Fuel . i ■ . 

Total of Coal, Coke, eto. 1,880,638 4,53,58,462 3,023,897 ^ 684.918 1,86,63,003 

The average nuinbor of persons employed daily in the coal-fields 
during the year remained practically the same as it was in 1922, while 
the average output per person employed shewed a slight improvement} 
rising from 94’6 tons in 1922 to 97'8 tons during the year under report; 
in 1919 this figure was 111*05 tons. The number of deaths by accident 
was imusually large, totalling 363, and corresponding to a death-rate 
of 1*81 per thousand persons employed ; in 1922 the total figure was 243 
corresponding to a rate of 1*21 per thousand. 
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Table 10.—Average number of persons employed daily in the Indian 
Coalfields during 1922 and 1923. 

— 

Number o 
ojnpleye 

1922. 

f per'.ons | 
d dail)'. 

1923. 

Output 
[)oi person 
enipUiyed. 

Number 
of deaths 

»'y 
accidout. 

l)eath- 
late per 

1,000 
persons 

employed; 

Assam :i,«30 3,901 830 13 3-3 
Baluchistan 1,492 1,19.') 35 0 4 3-3 
Bengal 44,893 41,251 104-4 73 1-0 
Bihar and Orissa 119,790 123,554 100 9 211 1-7 
Burma * 197 10 9 • • 
Central India • 2,rm 2,702 03-7 1 0-4 
Central Provinces • i3,2jr> 9.S57 55 0 30 3'0 
Hyderabad f 13,402 13,558 48-0 28 21 
Punjab • 1,08() 1,.“.44 4)1 1 • 0-G 
Uajputana 99 99 71 -9 2 20-2 1 

Total • 200,913 303 a • 

Average • IHi 97 b 1-8] 

Copper. 
Since 1910, following the coiniiieuoeiuent of .Hiuelting operations 

at the Kakha mines during the year 1918, the output of copper-ore 

in Singlibhum has been majntained with a fairly steady level till 

1923. The decrease in the outpiit (jf ore during lhat year was heavy, 

the amount totalling (i.oOU tons only, valued at Ks. ()r),r»()9 (£4,367). 

This amount of the ore was obtained by the Cape (\)])])er Company 

during the first quarter of the 3’edr, and finnu the Ist (d April the 

works were closed down and pumj)ing alone carried on. The amount 

of refined copper extracted from the ore amounted to 187’23 tons. 

The Bakha mines deposit is a low-grade sulphide ore containing 

two to four per cent, of copper, but a slightly improved grade of ore 

has recently been struck. Three other com])anies are prosj)ecting 

in the Singhbhuiu belt, and one of these, the Cordoba (hrji])er Com¬ 

pany, has met with very promising ore-bodies in tliei** Mosa])oni 

mines. A zone of secondary enrichment, in which malachite and 

cuprite predominated, was pierced and an impoverished zone with 

practically no ore encountered beneath. The lode channel was, 

however, well defined, and beneath the imjioverished zone chal- 

copyrite began to make its apjiearance in small lenses. At a vertical 

depth of 169 feet from the surface tunnels driven along the lode 
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proved the presence of solid chalcopyrite, in some places 2 feet 
wide, over a considerable distance in length, and giving values varying 
between 10 per cent, and 26 per cent, of copper. Some very lu¬ 
crative ore has been opened up by means of shafts sunk on this lode 

and there is every promise of an improvement in the outlook of 
coj>per i)raduction from this part of India. 

The production of copper-ore in the State of Mysore during 1923 

was nil. 

Diamonds. 

The output of diamonds from Central India amounted to 115*22 

carats, valued at 11s. 10,^95 (£3,100), as against 171*39 carats, 
valued at Rs. 91,618 (£6,110), in the preceding year. 

Gold. 

The total output of gold during the year under review fell to 
•122,306*56 oz. valued at £1,702,612. The increase shewn in the 
figures for 1922, which were 438,015*01 oz. valued at £1,857,577, 

was almost entirely a result of the treatment of accumulated 
cyanide slags; the amount of gold from those slags amounted to 
3,172 oz. for that ye.ar, and during the year under review to over 

1,000 oz. 

Table 11.- -Quantity and mine of UoW produced in India daring 

the years 1922 and 1923. 

1022. 1028. 

' 
Qiunlity. Value 

(ltUIH‘L‘ —Is. 4rf ) j 1 Quantitv. VaJiio 
(RuIMH- —Is. 4(1.) Labour. 

oz. Ibi. £ oz. R-*. 
\ 

£ 
Burma— 1 

Kath.i . 1201 815 51 23 16 1,672 111 42 
Upper Clnndwln 12 1,280 8.5 14-30 4,134 270 86 

Madras— 
1,510 (a) Anantapur 8,388 (a) e,OS,673 40,578 1,01,016 275 

r <o) 2,53,60,141 1,001,276 'I 
Mysore 420,d5l)-0(6) 2,72,50,073 1,816,0724 110,667 61 V 20,604 

l,00l-46(d) 4.046 
Punjab 
United Provinces 

40 8 176 48-8 101 r 62 
2-63 175 12 1-0 125 1 8 18 

Total 488,016*04 2,78,63,aS4 1,867,577 428,800*60 
1 

2,55,39,638 21,081 

(a) Finn 
({)) Contain!* 3Bl,tt55-lS oz. flno K'lldlncludinR 3,172'24 uz. obtained from cyanide tilags. 
(e) Contains 361,058'0:t oz. flne gold. 
id) Fine gold obtained from cyanide slag?. 
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Iron. 
The production of iron-ore increased by 28*0 ]>er cent., viz. 

from 625,274 tons in 1922 to 801,384 tons in 1923. The figure 
shown against Mayurbhanj in the following table represents the 
production by the Tata Iron and Steel ('onipany Ltd.; although the 
raisings amounted to 507,225 tons, the total ore despatched from 
Mayurbhanj was 663,247 tons, the excess over production being 
taken from the balance of raisings in the year ])reviouR to 1922, 
which could not be despatched owing to the inconipletion of railway 
sidings and consequently remained in stock. The ])roduction in 
Singhbhum is mostly that of the Bengal Iron Company, the Indian Iron 
and Steel Company being responsible for 9,909 tons from their mining 
at Gua. The Amda-Jamda railw^ay extension to (Uia has jurw been 
opened and the despatch of ore from that locality to the tndian 
Iron and Steel Company's blast furnaces at Hiiujjur commenced; 
previously these furnaces had been sujjplied witli oj-e from Mayur¬ 
bhanj State and the Central Provinces. 

The Tata Iron and Steel Com])any pro(liic(‘d 392,135 Ions of 
pig iron, 151,097 tons of steel, including rails, and 3,50(1 tons of 
ferro-manganese, shewing a decided incioase in each case over the 
previous year. The Bengal Iron ('ompaiiy ]noduce(l 119,(;(i9 tons 
of pig iron and 41,849 tons of iron castings, also sheving substantial 
increases in the two cases. The Indian Iron and Steel (‘onipany 
commenced turning out pig iron, railway sl(*(*])ers and railway 
“ chairs ” in November 1922 ; their jiroduction of jiig iron during 

1923 amounted to 77,980 tons. 

Table 12.—Quantity and value of Iron-ore produced in India dunny 
the yeans 1922 and 1923. 

1023. 

1 Uuootity. 
V.Uiic 

(lluim' U 1//) j OiiuntiU Vnliii 
(JUiiiri'st 11, ) 

hihar and OrUta— 
MayiirblianJ 
Sanibalpiir 
SinKhbhura 

Burma— 
Meudalay 
Northern Shan Stutm . 

Central J’rovincfe 
Other Provineea and States 

■ 1 11 -iri.iwr. 
‘l, }!».'■> 

4/,):i,ai 0 

1,10,72000 
11,5<U 1 

(*) 

£ 
0.1 022 

:{2,KS8 

77J 

'1 onh. 
>07.22'’. 

b.t2(«) 
218,'.84 

32,1 
V2,ltil 
24,0.12 

7t 

1 
11- 1 

] 2,fl8,()(,2 1 
1,427 

4 '>1.843 

2,1 I,(.44(«^ 
1.0M)33 

(b) 

£ 
MJ,r.,17 

20,^ 
30,123 

88 
14,110 
7,202 

Total 626,274 10I,I2S 804.384 ‘20,46,226 U6,415 

(a) Estimated. (b) Not a\ailttl)h‘. 
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In the Central Provinces the number of indigenous furnaces in 
operation fell from 148 in 1922 to 119 in 1923, the decrease being mainly 
in the Bilaspur district. The output of iron ore in Burma is by 
the Burma Corporation, Limited, and is used as a flux in lead- 
smelting. 

Jadeite. 

The output of jadeite in Burma, which in 1922 was more than 
double that of the previous year, fell to below the 1921 figure 
during the year under review. In other words the output of 
7,724'7 cwts., valued at Rs. 8,l39,340(£57,956) for 1922, fell to 3,626*6 
cwts. valued at Rs. 8,20,120 (£154,675) during 1923. It will bo noticed 
that « although the quantity of jadeite extracted decreased so 
markedly, there was very little corresponding fall in the total value: 
this is due to the higher quality of jadeite met with. 

The export figures, from which a better idea of the extent of the 
jadeite industry is obtainable, for the year 1922-23 were 5,762 cwts. 
valued at Rs. 18,72,168 (£124,811) sinking to 3,088 cwts. valued at 
Rs. 8,37,052 (£55,803). 

Lead. 

There was a further increase of about 74.000 tons in the produc¬ 
tion of lead-ore at the Bawdwin mines, and the total amount of 
metal extracted increased from 39,214 tons, valued at Rs. 1,41,71,392 
(£94'J,759) in 1922 to 16,0G0 tons valued at Rs. 1,68,18,111 
(£1,121,207) in 1923. The quantity of silver extracted rose from 4,205,584 
oz. valued at Rs. 1,00,39,362 (£669,291) to 4,843,939 oz. valued 
at Rs. 1,01,16,985 (£674,466). The value of the lead extracted 
increased from Rs. 361 (£24*1) per ton in 1922 to Rs. 365 (£24*4) per 
ton in the year under review, and that of silver decreased from 
Rs. 2-6-2 (38*2^.) to Rs. 2-1-5 (33*4d.) per oz. 

A new feature has developed during the opening up ol the Shan 
Lode to the north. High grade silver-copper ore has been developed 
aggregating 335,681 tons, averaging 11*1 per cent, copper and 23 oz. 
silver per ton. Tetrahedriie has been found on No, 5 Level of the 
Shan Lode, assaying silver, 579 oz., lead, trace, zinc, 2*9 per cent., 
copper 26*5 per cent. 
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Magnesite. 

The revival of the magnesite industry in 1921 has maintained 
itself ever since. The figures for 1922, 19,273 tons valued at 
Rs. 2,40,092 (£l 6,040), have been exceeded slightly by those for 
1923 which are 19,436 tons valued at Rs. 2,34,332 (£15,622). 

Table 14.—Quantity and mine of Magnesite produced in India dur¬ 

ing 1922 and 1923. 

1022. 1 1023. 

' 1 
(iunn(ity.| 

i 

1 

Viiliif 1 
(Rnppctxl*. 4(/.) 1 Quantity. Value 

{Rupee t^]». 4r/.) 

MaArat— 
1 'J'cilis liH. j 

1 
1 

£ Tllllh 1 u.. IL 

Salem 1S.117 2,21,004 
1 

i 11,734 
1 

2,32,032 15,400 

Mytore 
1 

S.'iO 

1 

lO.fiSS 
1 

ion 2,300 153 

1 
Tota< 

1 
19,273 

1 
mjHii ' 19.436 2,.?4,3.V.' 

) 

Manganese. 
The output of manganese ore in India rose from 474,401 tons, 

valued at £915,428 f.o.b, at Indian ports, in the j)reviou8 year, 
to 095,055 tons, valued at C2,215,984 f.o.b. Indian ports during 
1923. The localities chiefly responsible for this increase were 

most of the areas in the Central Provinces, Vizagapntam and 
Sandur State in Madras, Shimoga in Mysore and (langpur in 
Bihar and Orissa; each of the two fields of Bombay showed an 
appreciable decrease. As in many other mineral industries that of 
jnanganese is aj>t to lluctuate with agricultural conditions. A good 
harvest will absorb tlie attention of labour and thus adversely affect 
the output of a mineral de})osit; conversely mineral industries 
usually reap the benefit of a bad monsoon. 

It will bo noticed from tables 16 and 16, that the excess of 
exports over production which amounted to about 400,000 tons in 1922, 
has continued during 1923 to the extent of 155,000 tons, and is 
evidently a result of ])revious accumulation of stocks. The total 
exports from British Indian ports (table 17) increased by about 1,000 
tons. The enormous increase of over 150,000 tons to the United 
Kingdom during 1922 has been repeated during 1923 to the extent of 
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some 83,400 tons. France, America, Italy and Japan all took 

considerably more than they did in 1022, while Belgium, Holland 
and Germany absorbed less. In the case of Belgium, which transmits 
a portion of her imports to Germany, the d(*crease amounted to no 
loss than 141,600 tons. 

Table lb.-—Quantity and valne of Manganese-ore 'produced in India 
during 1922 and 1923. 

] 1922. 1923. 

Qaiitity. 
t'aluo f. o. b. 

at Indian 
jMirts. 

tjiiantdj. 
Value f. o. b 

at Indian 
porta. 

Tons. t Toiih. 

* 

£ 

Bihar and Othun— 
<innj»pui . 
K.ei)njhar . 
SiiijS'liblunti 

l(i,372 

1 

32,01.2 20,439 
l.tOiS 

4(i 

(57,(519 
5,452 

162 

Bomban - 
Clihota lJ(iai])ui , 
l*anph Malials . 

1 

17.193 
:$9,7():t 

31,0(14 
75,430 

12..5.53 
35.354 

39,333 
113,8(59 

(U'ntral Pronn(e<i~ 
Balagb.it . 
Bhaiidara 
(’bbindwafii 
Jubbnlporo 
Naf^pur 

1 ()!). 1S2 
41,14.3 
33,473 

132,132 

' 331,315 
1 80,572 
j (.5,.55] 

1 2.58,798 

224,74(5 
79.949 
30,0(>l) 

5.5 
190,493 

743.535 
2(.4.49S 

99,4(»8 
182 

(ir>0,0(>4 

Madras— 
Bellary 
Haiuliir State 
Vi/agajmtaiii 

1,470 
7,S4r» 

1 
1 

1,458 
9,.349 

2,429 
37,318 
22.524 

(5,25.5 
75,413 
52,(.50 

M ysore—♦ 
Chita Idriig 
Myaoro 
Shiiuoga . 
Tumkur . 

1,725 

U,018 
125 

3.177 

25,Sl(; 
230 

1.22.5 
1,200 

28,377 
31.3 

3,838 
.3,7(.0 

88,915 
981 

Total . 474,401 695.055 2,215,984 

' T1)0 value fi}»iire8 aio Bubjoct to ie\i«ioti. 
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Table 16.—Exports of Manganese-ore during 1922 and 1923 (woord- 
ing to Ports of Shipment. 

j 1922. 1923. 

Tons. Tons. 

Bombay ........ 389,442 386,265 
Calcutta ........ 371,708 376,340 
Vizagapatam. 13,710 14,276 
Mormugao (Ptirtuguese port) .... 87,917 74,454 

Total « 862,777 850,324 

Table 17.—Exports of Manganese-ore from British Indian ports during 
1922 and 1923. 

1022. 1923. 

Quantity. Value, (llupee »rl». 4(f.) Quantity. Value (]lupce»l«. 4<j'.) 

Tons. Its £ Tons. Bs. £ 

To— 

United Kinadom . 247,517 60,80,404 338,608 830,048 67,49,031 440,086 

Germany fl.017 1,76,696 11,77.8 7,250 1,48,125 0,876 

Netherlands 80,100 6,60,260 37,860 17,200 3,08,360 20,667 

Belgium . . ‘ . 200,650 70,66,054 471,070 158,01.8 88,67,048 257,803 

Franre 150,665 83,70,202 225,280 173,0.')7 36,01,847 280.457 

Italy .... 11,700 2,0.6,050 19,710 19,862 6,88,397 30,220 

Japan .... 1,361 86,714 2,448 6,657 1,30,038 9,269 

United States of Amorlea 24,924 0,81 ,.883 45,425 63.88.8 21,38,001 142,633 

. 

Total 774.860 7,72,76,.122 1,161,764 776,870 1,76,30,738 1,168,715 

Mica. 

There was an increase of about 1,980 cwts. in the declared out¬ 
put of mica in 1923 above that of the previous year. As has been 

frequently pointed out, the output figures are incomplete, and a 
better idea of the size of the industry is obtained from the export 

figures. The exports of mica during 1923 amounted, in fact, to 
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more than double the declared output, equalling 83,296 cwta., 
valued at Tie. 80,76,522 (£538,'!85); this figure is not far short of 
double that for the ])revi(ms yenr 1922, which was 43.115 cvi»., 
valued at Ks. 57,85,245 (£385,683). It will be noticed, however, 
that the average ])rice of ilits mica fell from Rs. 131 (£8*9) to Ks 97 
{€0*5) per cwt. 

Table 18.- Qmnliijf mid value of the jiroducfion of Mim in India 
recorded during IU'12 and 

l'li2 nij!, 

1 
Oil Ultll V V.tliif (Uiipv 

1 
■*- U Alt) OiNIIlt It ^ 

* 
\.iliK (IIm))(t‘Kl( 4ti ) 

“ i 
m/ittt <114)1 Ongga 

( \l Ih 1!-^ S ( Us t' 

Cava 1 ^ *17 . 1 Cl Ml , !S7 ;;,'ii'i 1 1(1 7'-.'. 7,-(K« 

llHzanhimh l.i.l *0 H ‘1 OS.f.sd •O.'-IO 10 (I'l.K.i, 71,011 

.M'lnKli^r *» 00 0 r. ir. 

Cffitral Cro) iHCfS Mill (ff) • •• -• 

Modrnf 

Tfi'llf-ri' . . . 1 '•>,0'> 1 S (.71 1,11 7(n * ‘*0 9H0 

N linin'. t t (..■JL'T i 41'. 1 
1 

in 1 13 i.'ilU ],r.«4 

1 

UllKHDIl .... 1 r,-2 (II) 11. 1,20*' '<1 

.MvbOif l-'d O') •• 
&1S ■17 

}hi)i)))l<i na- 1 

^Jllmr Ml 1 vnrn I !i-| n o'l-’ BW •! !.2f. 

Slinh) Ilia . O'- 1', (I'.-i lull (>1(1 2 IH '17 1,211 

Total j 31.878-1 I 4 0 4,4 til 'j Sf4 IK(I 

1 

1 33«R65'2 I'i S7 ‘il‘ ! 1 

(a) tn.iilnljlf 
(h) hvlnilrb 370 7 < vt». ol law ml u. 

Monazite. 

There was a recovei'V in the output of xnonazite in liavancoie, 
which rose from 125 tons, valued at £1,871 in 1922 to 216 3 tons, 

valued at £3,697, in the year under review, but the amount is 

still very far shoit of the 1,2(30 tons obtained during 1021 and valued 

at nearly £31,000. 
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Petroleum. 
The statistics of petroleum shew that it is becoming more and 

more difficult to maintain the output of India (including Burma) 
at the high level it reached in 1919 and 1921, which amounted to 
well over 306| million gallons. During the year under considera¬ 
tion the total production amounted to nearly 294J million gallons 
against 298| million gallons in 1922 ; for this decrease the two largest 

fields of Burma, Yenangyaung and Singu were mostly responsible. 
The Yenangyat field is rapidly dying, and its yield is now less 

than that from Thayetmyo. As in the previous year the Singu 
and Yenangyaung oil-fields again shew a decided decrease, the 
outputs falling by 4^ million gallons and 4| million gallons res¬ 
pectively, Thayetmyo and Badarpur contributed, to much the 
sam^e extent in each case, to the general deficit; the latter field is a 
disappointment and shews no promise of making any substantial 
contribution to India’s output of petroleum. Against these 
declines are to be recorded an increase in the Digboi field of over 2 
million gallons and a gratifying increase of nearly 4| million gallons 
in the Punjab. Minbu and the Upper Chindwin more or less main¬ 
tained their level. 

The utilization of the shallow oil-sands of the Yenangyaung 
field which were shut off during the competitive rush for the richer 
deep sands, continues; several remunerative wells are now being 
worked at depths a little above or below 40(> feet. The electrifica¬ 
tion of this field has extended itself and more than 700 wells are now 
being either pumped or drilled, by electricity. The Indo-Burma 
Oilfields Ltd. have now ceased operations in the Yenangyaung 
field. 

During the year active prospecting was continued in the Punjab, 
Assam and Burma, by a variety of oil interests. 

In the Punjab the oil industry entered on a new phase with the 
completion at Rawalpindi, and the opening in February 1922, 
of the refinery erected by the Attock Oil Company to deal with the 
production of the Khaur oilfield in the Attock district. The 
refinery has a daily capacity of 65,000 gallons of crude oil, but the 
average through])ut has not yet reached the maximum. The test wells 
in the Dhulian and Oabbir areas reached the depths of 2,800 
feet and 1,760 feet respectively without striking oil in remunerative 
quantity; both wells have been abandoned but a fresh test ^t 

Dhnlian has already been started. 
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Tablb \%^~^QuafUity and val/ue of Petroleum prodvced in India 
dvring 1922 and 1923. 

1 

1 1022. 1023. 

Qiuntlty. Value 
(SiipoeMU. M ). Quantity. Value 

(Rupee ■■ It. Ad.), 

XtMMI— 
Oah. JlH. t OalB. £». £ 

Badarpur . 4,038.731 (0)0,06,794 44,463 ,3,6.65.377 4,01,912 26,704 

DIgbol 0,343,910 (6) 9,12,018 60,861 7,448.719 12,71,935 84,706 

Burma— 

Akpab . 8,880 2.663 171 8,628 2,678 ¥12 

Kyiattkpyti . . 10,211 
1 

1,169 16,721 
1 

16,714 1,114 

Mlubu . 8,040,416 12,31,380 82,092 3,915,140 12,23.481 11,666 

Slngu 
i 

92,107,998 3,4B,73,6.'13 
j 

87,476,474 8,28,03,678 2,186,012 

Thayetmyo. 2,319.83r> 7,24,948 48.330 1,818,584 
1 

4,54,646 .30,310 

Hppnr Chtndwln . 1,210,014 90,818 6.066 1,311,644 08,874 6,668 

Yeoangyal 2,413,416 7..’i4,192 .60,279 1,700,036 4,42,717 20,614 

Yenangyaiing 179,741,493 6,72,22,038 4,481,469 17.6,168,721 6,54,61.456 4,363,430 

Punfob— 

Attock 7,.S02.316 18,40,679 122,706 11,804,560 20,61.140 100,743 

Mianwall . •• •• 450 ^ 112 
1 

7 

Total M8.604.1B6 10,SO,37,4JS 7,202,494 294.S16.0S3 ' 1(1,61,18,737 7,007,915 

(а) Ilpvisctl. 
(б) intimated at Rs. 0-2>8'8 per gallon. 

The increase in the imports of kerosene oil reported during the 
previous year, continued to almost the same extent during the year 
under rcjview, amounting to over 10 million gallons, the increase 

bwng shared by all countries concerned. 
During 1923 the export of paraffin wax again decreased by 

over 3,000 tons. 
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Table 20.—Imports of Kerosene Oil daring 1922 and 1923. 

1922. 
1 

1923. 

Quantity. Value 
(Rupee—1«. 4d.). Quantity. Value 

(Rupee— = l4. 4d.). 

Gala. Rs. £ Gala. Rs. £ 
From— 1 

Borneo . 7,24fi,464 :i0,76,905 246,004 10,046,993 .62,09,007 361..307 
Struita Settle- 9.5R,360 4,33,348 28.890 1,807,0.69 10,62,739 70,183 

mentH(inoiud> 
ing l^abnan) 1 

Sumatra • • 1,078,770 8,06,015 67,708 
United States 43,()88,8«9 3,22,10,428 2.147,71.2 4.6,477,974 3,14,97,214 

1 

2,099,814 
of Amoriea. 1 

Otlier Coun¬ 
tries. 

2,,'>60,139 17,16,703 114.384 .6,0.63,84 1 29.08,673 199,906 

Total 53,850,812 64,063,637 2,m,977 

Table 21.—Exports of Paraffin Wax from India during 1922 and 1923. 

1922. 1923. 

Quantity. Value 
{RiH)ee It. 4f/.). Quantity 

Value 
(Uu))ee 1«. 4<l.) 

Tens. Rs. £ Tens. Rh £ 
To- 

Australia and 2,143 8,72,900 68.197 1.287 6,86,071 39,046 
New Zealand. 

Belgium 000 3,fK),300 20,020 1,405 0,39,276 42.018 
China 4,978 22,26,068 148,377 0,264 28.29,744 188,t.60 
Italy 1,300 6,91,600 39,433 120 64,000 3,1 40 
•lapan . 8,319 37,02,286 2.60,819 0,027 .30,36,200 2(»2,347 
t/nitc-d King- 3,984 18,24,013 121,001 2,779 12,68,900 84.697 

dom. 
Union of Stmch 2,204 10,30,574 6S,7(t6 1,746 7,93,100 62,873 

Al.ica. 
United States 1,260 6,08,760 37,917 1,104 6.02,447 33,497 

of America. 
Other ('oun- 2,738 12,33.037 82,202 3.243 14,36,203 96,084 

tries. i ! 1 
1 

foul 27,636 l,2J,0a,077 S27,'J71 
1 

24,564 743.9-)1 
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Ruby, Sapphire and Spinel. 

There was a decrease in the output of the Mogok ruby mines 
in 1923, bringing the figure below what it was in 1921. The total 
weight, however, has little meaning in the case of precious stones, 
and in spite of the marked decrease in this figure, for which sapphires 
were mostly responsible, the value actually increased , this is ac¬ 
counted for by the greater value of the rubies und the sjiinels. 

Table 22.—Quantity and mlae of Ruby, Sapphire and Spinel jrro- 
duved in India datiny li)22 and 1923. 

1922. 1923. 

Quantity. Value 
(Rupee 1». 4(t.). Quuntily. 

-s- 

Value 
(Rupee- Ib. 4(/.), 

1 
Carats. Rh. £ Caiats. 1 Rh. £ 

Burma 93,078 0,46,304 43,020 92,692 0,03,004 4t,204 
(it u bios) (Rubles) 

102,402 70,016 6,070 0.‘).092 69,207 3,947 
1 (SappbiioB) (Sapiihues) 

3.'),(i20 5,903 397 28,720 7,917 5.28 
(Spinels) (Sjunels) 

Total 231,160 
i 

7,r/,3l2 i8JS7 187,010 7,30,1 SS 48,679 

Salt. 

There was again an increase in the production of salt duiing 
1923 over that of the preceding year, aminintiug to over 127.000 

tons, for whiidi Jlonibay and Sind wen* more than lesponsible. The 
increase in Madias of some 20,000 tons was balanced by a deficit 
to the same ajiproximate extent in Northern India. Aden shewed 

a fall of nearly 35,000 tons. 
Against the abo^e increase tlieie was a seveie deficit in the 

output of rock-salt amounting to some 87.()00 tons. The imports 
of salt remained very steady, shewing an increase of scarcely more 

than 1,600 tons. 
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Table 23.—QmtUity and value of Salt produced in India during 
1922 and 1923. 

1922. 
1 
1 1923. 
1 

Value 
(Rupee ~ Is. 4d.). Quantity. Value 

(Rupeeinslff. 4d.)k 

Tons. Ks. £ Tons. Bs. £ 

Aden 204,033 11,87,443 79,163 169,282 10,04,852 66,990 
Bengal 3 106 7 , • « • • • 

Bombay And 1 450,558 27,18.436 181,229 ^ 613»150 34,41,843 229,466 
Sind. (d) 

Burma 33,535 13,21,390 88.093 33,622 18,99,000 46,600 
Hentcal India . 0-7 528 36 9-3 604 34 
itwauor * . 210 10,007 667 22 1,061 j 71 
Kashmir . 1 

. 4 06 100 1 6 
Madras k 465,929 29,43,066 196,204 486,669 30,70,226 204,682 
l^orthern India k 499..386 29,81.926 198,796 479,295 30,13,046 200,870 
Rajputana (Jais* 234-5 11,596 773 206 10,103 678 

almar Statel. i 

fatal 1,781,155*9 1,12,40.735 749,382 

• Figures relate to the official years 1922*23 and 1923*24. 
(a) Revised. 

Table 24.—Quantity and value of Rock-salt produced in India during 
1922 and 1923. 

— 

1922. 1023. 

Quantity. Value 
1 (Ruiiee - Is. 4<i.). | Quantity. Value 

(RupeesIs. id.). 

Tons. Rs. £ Tons. Re. £ 

Salt Range 183,533 9,36,786 62,452 100,932 6,14,755 34,317 

Kohat 18,904 66,444 3,763 14,640 40,744 3,118 

Mandi 4,876 87,095 5,806 4,101 83,080 5,639 

Total 297,912 10,80,324 72,021 11M79 0,44,679 42,972 
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I'AfELH 2^,*^^uantity and value of Salt imported into India during 
1922 and 1923. 

1922. 1923. 

Quantity. 
Value 

(Rupee- Is. id.). Quantity. Value 
(Rupee- Is. id.). 

From— 
Tons. Bs. £ Tons. Rs. * 

1 
1 

£ 

United King¬ 
dom. 

79,169 
1 

27,66,846 184,466 110,968 29,79,674 ' 108,646 

Germany 49,301 16,33,763 102,261 36,720 9,86,386 1 65,769 

Spain . ‘ 66,165 16,91,697 106.107 46,679 13,40,659 8^377 

Aden and De¬ 
pendencies. 

166,777 

1 

60,11,039 
1 

334,069 165,499 38,82,266 
1 

268,818 

Egypt . 106,047 31,36,660 209,044 76,143 18,47,163 123,143 

Italian East 
Africa. 

1 60,989 15,75,369 106,024 74,826 22,60,240 150,683 

Other oountrieB 26 2,794 186 16 2,325 156 

Total 307,973 1,56,17,058 1,011,137 603,740 

1 

1,3^.M,703 1 m,5so 

Saltpetre. 
There was a further decrease of over 3,000 tons in the total output 

of saltpetre. Bihar and the Punjab were mainly responsible for this 
decrease, where the outputs fell by 21 per cent, and 30 per cent, 
respectively. The total Indian production amounted to 8.055-4 tons 
valued at Ra. 22,46,355 (£149,757) against 11,672-9 tons valu^ at 
Rb. 85,22,995 (£234,866) in 1922. Exports also decreased from 
11,000 tons in 1922 to 8,000 tons in the year under consider¬ 
ation. the decreases being shared by all the recipient countiies 

except Mauritius and its Dependencies. 

■■ ■ l7i« I*™ that" Cdoutt. 
for some years p0«tw The amount produced m Lalcutta m was 

in Madras 138'1 tkos. 
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Table 26.-- Quantity a^id value of Saltpetre produced in Indio, during 

the years J922 and 1923. 

1922. 1923. 

t^unnl Hy. 
V alue 

(Kupce- 1a. ‘Id.). Quantity. Value 
(Ku|)oe 1a. id.). 

'J’ons. Kh £ Tons. 
j 

Kh. £ 

Bihtir (rofincd) . U,(K>91 5,05,494 33.7<H) 1,022-9 3,80,243 2.5,749 
1 o. {Kutfica) 1,770 2,01,423 17,428 l,.359-8 l.98,!»78 13,265 

('ei)ti»l India ir.s 3,780 252 18 4,030 209 
I’uiijnb i),o:is-o 18,93,015 120,201 3,050-5 9,70,800 0.5,124 
Kajputana 1S2 40,487 3,099 • • * , , , 
tJni^d ProviiiooH 2,(i.07-4 8,12,790 54,180 2,498-2 0,80,244 45,350 

Total il,672'9 3,>,22,W/,5 ‘j:U,S66 1 8,555*4 ^2,16,355 140,757 

Table 27.- Distribution of Saltpetre c.rported during 1922 and 1923. 

1922. 1923. 

Quantity. Value 
(Ilupet* 1a. 4(Z.). Quantity. 

1 

Value 
(Kujm3u 1.s. 44.). 

Cwts. Ks. £ Cwts. Lin. £ 
To— 

Oylon . . ] 02,003 7,49,349 40,957 7.tM>,037 40,709 
Hongkong . 1 
Mauritius and i 

51,591 12,00,400 84,031 5,<18,029 37,909 
26,225 4,59,401 30,631 HEXTRI 8,35.998 55,733 

1>)pendenui68 
Straits Settle- ^ a,132 2,09,019 13,934 5,210 1,17,337 7,823 

ments includ-, 
ing Lahuan. j 

United King- i 50,898 7,42,310 49,487 17,313 2,92,309 19,487 
dom. 1 

United States | 4,362 01,438 4,096 
1 

• • • 

ol America. 
Otbrr countries 

i 
1 

17,667 2,95,013 19,667 10,753 

1 
1,91,072 j 

1 

12,778 

j 

Total . ' 
1 

220,878 37,77,050 251,SOS 16l;257 

; 

27,06,582 180,439 
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Silver. 

tliere was a further increase in the outi)ut of silver from Baw- 
dwin, amounting to some 038,350 o/,. The i.roductioii from the 
Kolar gold mines on the other hand amounted to lialf that of the 
previous year. The yield fnjin the An.uit,jpur j^old mines fell from 
554 oz. in 1922 to only 103 oz. in 1923. 'riie total Indian jirodaction 
was 4,863,006 oz. valued at Ks. 1,01,58,102 (£677,207). 

Table 28. Quaniihj and value of Silver prodiuul in India durina 

1922 and 1923. 

1922. 1923. • 

(Quantity. 
Valuo 

(Uuj[>ue 1a. 4t/,). 
j 

Cjaautity. Valuo 
(Rupee -1«. id.). 

Burmcr— 
NortluTii vSlian 

States. 

Ozs. 

4,205,584 

Ks. j 
1,00,39,352 

£ 

('■69,291 

Ozs. 

4,843,939 

Rb. 
1 

1 

1,01,1(5,985 

£ 

(574,40(5 

Madras— 
Anantapur 564 1,231 82 103 202 13 

M yaort— 

Kolar . 

1 

m,im 87,9U 10,024 40,915 2,72S 

Total 4,244,304 1,01,'d8,50I G75,'J34 4,863,066 1^1,58,102 677,207 

Tin Ore. 

There was again a small increase in the jiroduction of tin-ore 
amounting to 121 tons. The total production of 1,996 tons was 
dta-ived from Burma, Tavoy contriliutiug 738 per cent., and 
Mergu 25'9 per cent. No block tin seems to have been produced 
by Mergui. Imports of unwrought tin increased considerably from 

34,459 cwts. in 1922 to 48,342 cwts. in 1923 ; 90'7 per cent, of these 

imports came from the Straits Settlements. 
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Table 30.-—Imports of unwrought Tin {blwik, ingots, slabs) into India 
^ during 1922 and 1923. 

1922. 1923. 

Quantity. 
Value 

(Rupee—1<. id.). 
Quantity. 

Value 
(Rupees 1j». 4d.). 

Fttim— 

Cwts. Rp. £ tVti. Rb. £ 

Utiited Kings 
dom. 

3,242 3,9<^,077 26,003 1 3.756 6,09,977 
1 

1 

33,99B 

• 

StrftitB Settle¬ 
ments (in¬ 
cluding La« 
buon). 

30,311 37,76,181 1 251,7 i.-'vl 43,836 59,74,758 398,317 

Other countries 906 1,09,461 7,297 4 762 1,06,887 

1 
1 

7,126 

Total 34,459 42,75,719 255.04/-9 48,342 ; 55,91.622 1 439,441 

Tungsten. 

The production of wolfram decieased slightly from 943 tons 

v»lue.i at Ea. 3,75,532 (£25,036) duriag the FW*™* 
tone valued at Re. 4,79,693 (£31,979) m 1923_ The d^rewe m 

output was, however, aceompaniod by ». 
total value, amounting to £6,944. Practically ‘I*' 

output was derived from the Tavoy . i ’ ” 
have found a use for tungsten carbide as a substitute for the bort 

used in the orowns rfcore-driUs. The 
hardne^i very Uttle inferior to “bort.” and to be cheaper. As 
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tlje price of “ bort ” is between £10 and £12 a carat, the substitution 
of tungsten carl)ido may add a rautsh needed impetus to the wolfram- 
ruining industry. 

Table 31 Qnauliiij and mhte nf Tungsien-otf ptodnced m India during 

1922 and I92:i. 

1 1 
1922. 1923. 

1 
1 

l^UAritit;y V.Uiu 
(llllJKV' Iv If/) (jiianlit y. 

1 Value 
(Uujteo- Is. 4rf.) 

Burma— 

Totm 

1 

L Tons Kh £ 

Mcrf{ui 4 75 4,274 0 2 52 3 

Tavov . 938 3,71,(MS 24,73(. 871 8 

1 
1 

‘ 4.79,(»41 31,076 

Thiitdn . 0 25 2]() U 
1 

1 

1 

• • 

Total . HIQQ 3,7r>,r}{J ‘ir,,o:{6 4,7l),(i93 31,979 

Zinc. 
2,002 tons of zinc ore were exj)ortod during the year 1923 

against 18,001 tons in the ])receding year. The ore is found in 

association w'itli galena in the Bawdwin mines leased by the Burma 

Corporation, Limited. 
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Altun. 

Amber. 

ill.—MINERALS OF GROUP II. 

The production of alum in the Mianwali district of the Punjab 

decreased by 48 per cent. The output amounted to 3,458 cwts. 

valued at Rs. 04,472 (£4,298) in 1923 as against 

6,032 cwts. valued at Jis. 99,700 (£(i,051) in 1922. 

The production of amber in Burma rose from 3*0 cwts. valued 

at Rb. 1,960 (£131) in 1922 to 47'0 cwts, valued 

at Rs. 13,720 (£915) in the year under review. 

An output of 1,082 tons of a])atite was re])orted from the 

a])atito magnetite deposits of Siiigh])hum; the 

value of the production was Rs. 10,820 (£721). 

There was also a production of 3,080 tons of “ phospliate ” valued 

at Rs. 70,000 (£4,007) from the Nandu]) area in Singlibliuni, against 

1,340 tons valued at Rs. 17,000 (£1,133) in 1922. 

The production of asbestos amounted to 247 tons valued at 

Rs. 9,880 (£059) in 1923 as against 212 tons valued at Hs, 10..520 

Asbestos (£701) in the preceding year. The whole out})ut 

came from the Jlassnn district in Mysore State, 

There was no production from the ('entral Provinces, 

Of the total prodiu'tion of 2,570 tons of })arytes valued at 

Rs. 42,749 (£2,850), 1,003 tons valued at Rs. 22,749 (£1,517) were 

^ reported from the Karnul district of the Madias 
Aflrvtcs ' 

Presidency, and Ihe balance, 907 ions valued at 

Rs. 20,000 (£1,333), from the Ahvar State, Haj])utann. 'Plie total 

output in 1922 amounted to 2,392 2 tons valued at Ihs 18,(MI0 

(£3,200). 

An output of 5,708 tons ol bauxite valued at Rs. 51.005 

(£3,604) was repented from Kaira in the Homhay I*residene\. 

The Katin C'ement and liidiisliial Coiniiany, 

Limited, extracted 779 tons ol bauxite valued 

at Rs. 1,168 (£78) from the mines in tlie .Inbbulpoie distiict, t'entral 

Provinces. There was no production ol liauxilc* in the Savantvadi 

Slate during the year 1923. 

The total estimated value of building stone and road-metal 

produced in the year under consideration vas Ks. 70,86,138 

(£512,409), (see Talile 32). (Vrtain returns 
BuildiiiK materials and gm)p|i|..d in cubic feet have been converted into 

Koad«metal. ^ ^ i i i- 
tons on tlie basis of certain assumed relations 

between volume and weight. 



T
a
b

le
 3

2.
—

P
ro

du
ct

io
n 

of
 B

ud
di

ng
 M

at
er

ia
ls

 a
nd

 R
oa

d 
M

ek
d 

m
 I

n
d

ia
 d

ur
in

g 
19

23
. 

136 Records of the QccAogieod Surveg of India, [voi.. m 

A 

(T
be

 T
»h

ie
 in

 s
te

rl
in

g
 p

o
n

n
is

 h
ns

 I
ie

en
 c

al
ca

la
te

d
 o

n
 t
h

e 
ba

si
s 
o

f 
B

np
ee

 1
 

(a
) 

K
o
ta

T
ai

h
U

e 



f AfioOE; Uinetal Ptoduction, 1923. m 

The recorded production of clay rose from 102,766 tons, valued 

at Re. 2,53,502 (£16,900) in 1922 to 148,112 tone 
valued at Rs. 3,20,333 (£21,356) in 1923. 

Table 33.—Production of Clays in India during 1923, 

Bengal . 
Bihar and Orissa 
Burma. 
Central India .... 
Central Provincea 
Delhi. 
Gwalior. 
Madras ..... 
Mysore. 
Rajputana .... 

Total 

Quantity. Value (Ruppf ‘=1‘. 4d.). 

Tons. Kb. £ 

.lK,39(i <{.',9.72 4,197 
7,9ri3 1,28,904 8,.594 

31,871 40,7()7 2,718 
38U 1 070 

37,279 , 21.,3<{0 
• 
1,424 

3,<178 1 3,908 2<)J 
r>30 7,320 488 
no 200 13 

23,98,7 62,201 3,480 
920 2,045 130 

148,112 .1,20,333 21,356 

There was a further and larger rise in the total production 
of Fuller’s Earth, amounting to 27,696 tons valued at Rs. 57,168 

Fuller’s Earth. 
(£3,811), against 13,550 tons valued at Rs. 36,764 
(£2,451) in 1922. 

Table 34.—Production of Fuller's Earth during 1922 and 1923. 

C$ntral Pro- 
vtnese— 
Jubbiilpore , 

P^putona— 
Bikanir State 
Jaisalmer State 
Jodhpur State 

i 

Total 
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The production of gypsum fell from 12,329*5 tons valued at 
Rs. 19,725 (£1,315) in 1922 to 10,280 tons valued at Rs. 17,361 

(£1,156) in the year under review. The mineral 
hitherto reported from the Bikauir State in 

Rajputana as “ sweet lime ”, the vernacular name for gypsum, has 
been found on examination to be deposited limestone, slightly 
tufaceous, with a little sulphate. 

Table 35.—Production of Gypsum during 1922 and 7923. 

1922. j 1923. 

«• Quantity. 
Value 

(Rupee 1a. 4f/ ). (^naiitil y.| 
1 

Value 
(Ru))ee- Is. 4d.). 

Ton«. Ra. X* 
V Toiih. R*!. £ 

Kanhmir . 7:ir> .■)()0 33 («) 304 ((it 20 

Punjab— 
.riiolum . 1 7,801 (1.82, 1.75 .7,107 I..147 303 

Rajputano/— 
.lainalnier 
Marwar 

S.'i 
4,400 

400 
12,000 

27 
800 

83 
5,000 

.500 
12,000 

33 
800 

Total 12,329*5 

1 

19,7i5 i.3jr> 10,280 I7.:m 

(a) TliP output itiiioiiiiteil to l.KHO ( u. It 'I'lu AMuptit in tojiN ih not )i\niluh)( 
{b) Rp|nesents rojaltv ptwd to tJip Statp 

An oiit])ut of 12*5 cwts, of hyalite, a colourless variety of opal, 
valued at Rs. 5,282 (£3.52) was reported from 

Burma 
100 tons valued at £1,200 

in 1922 to 700 tons valued at £2,100 in 
1923. 

The total production of ochre in 1923 amounted to 8,705*6 tons 
valued at Rs. 66,922 (£4,461), against 6,701*4 tons 
valued at Rs, 57,086 (£3,805) in the preceding 
year. 

Hyalite. 
Katha in 

The output of ilmenite rose from 

llmenlte. 

Ochre. 
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Table 36.—Produdionof Ochre during the years 1922 and 1923. 

1022. 1 
1 

1923. 

Quantity. ^ 
1 

1 
Vnluo 

(Rupee Ifl. 4f?.). 
Value 

(lliipoo 4t/.), 

' 
Tons. i Rs. 

1 
t 1 

1 
Tons. lls. £ 

Bihur and Orissa too ' 1(1,400 0!)3 44] 11,078 73S 

Central India 4,7«no 1 .‘15,730 2.3S2 +,483-0 3.5,(109 2,374 

('.jatral Proviiicos (507 
1 

r>,139 343 2,449 8,19.-) r>( 0 

(iwalior . 832 5,720 381 S95 (i,2()5'* ' , 418 

Kashmir . 0-.') ' 7 • • • f 

Madras • • 13.-I .5.400 300 

llajpntana 2 90 (i 2 75 5 

Total 6,701-4 57.0SG .3,.S0.5 8,705-6 
1 

GG,02‘d 4,m 

• Est minted. 

Soda. 

There was a decrease in the production of soda in the Ladak 
tahsil, Kashmir, from 28 tons, valued at Rs. 1,021 (£08) in 1922 

to about 7 tons, valued at Rs. 2^9 (£17) in 
the year under review. Salt consisting for the 

greater part of sodium carbonate, .sodium bicarbonate and sodium 
chloride is obtained by evaporation from the waters of the Lonar 
Lake in the Buldana district of the Central Provinces. It is known 
under the general name of Irona or urao for which then* is no suitable 
equivalent in English. Its three chief varipti(*s arc Dalla khar, Pajutdi 
and Bkooski, according to the proportion of neutral carbonate ; the 
first contains sodium chloride sometimes to the extent of 50 })er cent. 
The total amount of trona or urao extracted in 192.*1 was GOO tons 

valued at Rs. 23,750 (£1,583). 
There was a considerable rise in the production of steatite from 

£06 tons valued at Rs. 36,489 (£2,432) in 1922 to 2,257 tons 
valued at Rs. 49,353 (£3,290) in the year under 

consideration. 
Steatite. 

D 
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Table 37.—Qua/ntity and value of Steatite jyroduced in India during 

tihe years 1922 and 1923. 

1 
1922. 1923. 

Quantity. Value 
(Rupee- Is. 4d.). 

1 

Quantity. Value 
(Rupee= Is. 4d.). 

Tons. Rs. £ ^ Tons. lift. ' £ 
Bihar and 1 

Orissa— 
Mayurbhanj . 71 6.900 400 06 0,000 400 

Singhbhuin 0 66 31 o 76 8 4,424 296 

1 

Burind— 

Pakokku Hill- 306 686 39 31 6(K) 40 
Tracts. 

1 
1 

Cenirai India— 
i 
1 1 

Biiairar . 0-6 94 1 « 
04 

# 

04 4 

Central Provinces. 

Jubbulpore . 89 8 1,862 123 ‘ 999 9,249 017 

M idrns— ! 
i 

Nellore . 70-4 3,909 1 266 77 1 
1 

4,417 264 

Salem . 642 fi 14,298 1 963 1 
1 

890 2 20,947 1,390 

Mysore 93r» 936 
1 

02 108 960 64 

United Provinces 

Haniirpur 27 7,426 496 34 2,600 167 

Jhanfi . 8 400 
1 

27 
1 
1 . 4 192 13 

Total 906-50 36.m 

1 

j 2,432 49,353 3,290 

TJio production of zircon in the Travancore State fell from 
160 tons valued at £1,280 in 1922 to 145 tops 
valued at £1,160 in 1923. 

Tlhcon. 
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IV.—MINERAL CONCESSIONS GRANTED. 

H3 

Tablb 38.—Statement of Mineral Concessions granted durifig 1923. 

ASSAM. 

Dlstrli’t. aKADTSB. Mineral. 
Nature of 

gr.iiit. 

1 
Area in acres, i 

1 

Date of 
conimence- 

luent. 
I’erra. 

(jftphar (1) Tlie Burma Oil Oo., 
m. 

Mineral Oil 1' L. 3fl() 1 4th .Tmmnry 
' 1023 

year. 

1)0. (2) Wlilteluill Petroleum 1 
CoTlKiTution, LUl. 1 

Crndn pc'troleum 
and it., iwsoelat- 
ed hydro-car¬ 
bons. 

V 1. 2,.'.«.V(ll) 26th March 
1023. 

Do. 

(jiirii IiIUh (3) Messrs. Olllnnder 
Arbutlinot <4 Uo. on . . ■« 1.1... 

Coal . 1*. I,. «,72lt 1 Otii May )92S Do. 

ATDUlimov « 
behalf of the Garu 
milB Milling Syndi¬ 
cate. 

(4-0) Do. . Do, r. li. 
(leiicwul). 1 

ft,720 
(((insisting ol 1 

si\ blocks). I 

Do Do. 

Ukliiiiipur (10) The AssamOU Co. ■ Oil M. h. KM) Otli April 
1023. 

,5 years 

1)0 (11) Do. Do. P. h. 4,10(1 2(lth April 
1023. 

1 year. 

1)0 (l!4) Do. Do. 1*. 1.. 3.908 I2th May 
1023. 

Do. 

Do (13) Do. . Do. 1’. 1. 1,180 7th April 
1023. 

Do. 

BENGAL. 

Chittagong (14) Messrs. Bulloch MiiieraJ oil ■ P. L. 0,600 7th March 
102.3 

1 year. 

mil Tiucts. Bros. 

Do. (16) Do. . Do. P. Ji. 7,710-O4 Do. DO. 

Do. . (16) Do. . Do. P. T„ 4,.‘!I3’(M) Do. 1 Do. 

Do. . (17) Messrs. WhlU-hall Do. P. L. 8,H.'>7M10 14tli April 
1023. 

Do. 

Petroleum Corpora¬ 
tion, Ltd, 

Do. 
Do. (18) Do. . DO. P. L. 6,400 Do. . i 

Do. P. L. . 1 
(renewal). 

11,620 16th tk'ptein- Do. 
Do. , (19) Messrs. Bulloch 

Bros. (6 Co. 
ber 1023. 

Do. 
Do P. L. 24,060 DO, 

Do. (20) Do. . (renewal). 

^,1.u.mfpf^in9Liren$e. 
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BIHAB AND ORISSA. 

District. Qramtsb. Mineral. Katoio of 
((rant. Area In acres. 

Data Of 
eommeboa* 

ntentv 
Torni 

Hasaribtgh. 

♦ 

(31) Mphsiw. Nsnd Ra- 
mont & Co, 

Mica . . M. L. « 010 SQth Janv- 
ary 1083. 

30 jcim 

Do. . (22) Mogsre. F. ?. Chris- 
tien A Co., Ltd. 

Do. . • M. L. • 40 let Septem- 
i>er 1923. 

De 

Simbftipur . (2!)) Seth PUTBnmal 
SiarwaTl. 

Mica . • P. L • 114-28 20th Febru¬ 
ary 1028 

1 M.I1 

Do. (24) Dlwan Baiudur 
Seth Dalkbh Da«, 
Manno I^al and 
Eanhiya Lai 

All mincralo P L. a 22nd Decem¬ 
ber 1023. 

De 

Do.» . (25) Seth Furanraal 
Marwarl 

Mica . M L. • s'iT'HO Not yot exp- 
onied. 

80 j< ir<. 

8»ntai P»r- 
Ktt’MtiS. 

(26) Bhiidhar Thandra 
Do 

Coal . M L. 3 04 Ist April 102i 2 '^lH^ 

Du (27) UlriH I’handra 
Mandal. 

Do . M L a 0 03 Do. Ihi 

Do. . (28) Jptha M'lilJI . Do . M L a 8 Do. IX 

Do. (20) lUnirrkh Dae Mar¬ 
warl 

Do . M L. • 1 08 Do. Ik) 

To. . (3h) JethA MuIJi . f)o. . M L ■ 5 Do. IH) 

Do, . (31) Dhudhar Ciiandra 
Di and 'ilrD Chandra 
Mandal 

Do . M L a n Do He 

Do. . (32) Ithulhir Ciiandra 
De 

Do . M L • 4 27 Do Ik) 

Do. . (1'i) Jtimiekh 1)10 
Alarwari 

Do . M L. 1 Do l>n 

Do (84) Dlnod Dlharl De . Do . M li 2 15 Do, Ik) 

Do. . (35) llansi Ham Marwarl Do . M L 1 0 Do. IXi 

Do. f3d) .iamuna Prashod 
Maiwarl. 

J>0 , 51 L 5 04 Do. Do 

Do. (37) (langa Ham Mar¬ 
warl. 

Do. . M L 5 Do Do 

IK# ■ {38) Do, . Do. . M L. • 3-40 Do. Do 

Do. . (30) Bhudhar Chandra 
De. 

Do, . i M. L. a '1 Do. Do 

Hiiighbhura. (40) Babii Mangl Lai 
Marwarl. 

Manganese . a M L. • 153 65 Lease hot yet 
exeeiited. 

1.) y‘»f' 

Do. . (41) Kolieharan 'rri'.’cdl. Chromite . ■ M L. • rso Do. , 20 MSf' 

Jio (42 <) Kajani Kanta Patta- 
dar. 

Do. » M. L, 400 Do. DO 

P. 1), —PfoiiJAcliwf Li^etne. M. L, l4iiUt> 
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BOMBAY. 

i4r» 

Dlutritl atkmm MlooTal Maliin ot 
graut Art a In aLiin 

Cato of 
Lomnii neo 

inont 

} 

Term 

ItUdiini 

• 

(ii) Mw 1 1 itovcp Mangauoisi vrt. M 1 4.0 IkIJuik lt>4j to jiare. 

lukkm (44) WlilUflttH Mn» 
wuiQ Co, Ltd, LaboKp 

Miptral oil audits 
aasoilatt d liy 
dro eartouM 

1* 1 4«'T17 iitli T uuiars 
11141 

1 yiar 

])) (45) Indo Burma Prtro 
loniu (>), Ltd 
EauKoon 

Mineral oil V 1 
(«iiewal) 

bOOh 41 41 lit Jlardi 
1 )4j 

Cpto Hat 
AiiKUftt 
]'144 

BURMA 

Aj d j (40) M( HDi Jh< liido 
Kuima IMrokmu (o 
ltd 

Mimral oil 1 1 4 SOO "rtli liiiiiiai) 
1 1. 

1 )(ar 

1 
>f)> (47) 1)0 Do 1* 1 

(mil wil). 
1411 1 III IK(Iinlier 

1 ).4 
4 y wars 

Ito (4H) MoMirs 1U( Biirnin 
onto ltd 

Do I J >(i40 loth Inly 
1).) 

1 yiur 

l)u (tB) Ml Haw lh( Wliito- 
liall h troll uni torjio 
ration Ltd 

Mini ml oil and dn 
aasoilated hydro* 
larlions 

P L ,1411 1 nil s |i III 
1 I iy4j 

IK) 

tlllHlsl CM)) MauuBlmi MamiH Mmnal oil P L. inlii ..111 Moth 
1041 

J 0 

IK (ol) Alautig Jla Hut All inliurals 
(< \l( |)t oil) 

P T 1 111 4slh Maiih 
1 )4! 

Do 

IK) (i2) Alaung UU Do P 1 040 4.111 III) iiiiv 
11- 

Do 

])u ()3) Mr A C Jiiwa Do P T 
(ii IK a d) 

Oil) 1 th Miuh 
I 1 l-i 

Do 

iKi (54) Mr 1* 1 IVUre ! Mint rill oil P I 0 ton ' 4411 1 Mu 
i )-( 

])0 

' 1)0 (51) Saw lau Hoke All nilmnlH (i\ 
(ipt oil) 

P I 111 1 'Mil \|i ll)4J IK) 

IK) (50) Dr M Shuwloo . Dll on M 1 041) 1 - nil Muy 
1 1 1. 

30 jiun 

Di v67) Maung Saw Mauu^ 
and Mu Kywe 

All lllllll I lib (l s. 
(01)t oil) 

P [ 
(itiuwil) 

CIO >|st Miirih 
IJ- 

J ji 0. 

Do (5fi) Mr A C Jiiwa 11n OK M I 041) 4slh \llnllbt 
14 t 

jO yittib 

1)0 (61)) Mr M 1 Moolla Ollalialc P 1 
(renewal) 

.S44 4 . til \liy,iisl 
lU 3 

1 yiar 

IK) (00) MoiB)S Baltharar 
and Sou 

Mim rnl oil P L 5 700 loth NoMiii 
1m r 1 )4‘> 

J)o 

P L ^ProtpeM^ngLic me M L ^Mmwg imu 
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BUEMA*^ (mtd. 

Dlitrict. aBAMXDE. Mineral. Kfttare of 
srant. Area in acroa. 

Hate of 
commMice* 

inent. 
Torm. 

Anlienit . (61) Mr. M. H. Moolla . Mineral oil and oil 
Hlialc. 

V. L. 16,626 
• 

AppUoatloa 
sanctioned. 
LloenBe not 
yet execu¬ 
ted. 

2 yearf, 

1)0. . (62) Mohsni. H. Solomon 
& Soiit. 

Oil bhalc . P. L. 12,800 Ho. Ho. 

1>U. (03) Maiinx Haw Muiiiir 
and Ma Kywo. 

Tin ore M. L. 601 60 18fch Decem¬ 
ber 1023. 

■‘10 year*. 

Btuuno (04) McKHrt.. Tltc Tavoy 
Tin Syndicate, Ltd. 

All mliirtalH (cx- 
cc|it oil and pre¬ 
cious slonch). 

M. L. 3,282 62 15th Septorn- 
ber 1920. 

Ifo. 

1>0. 
* 

(06) Ho. , All nilnerulh (cx- 
ie])t mineral oil 
and jade). 

P. 1.. 
(loncwal). 

3,328 4tii June 1928 1 year, 

Hot zttdit . (60) Jlr. L. D’Attaldcb . Mliuraloil, P. L. 640 13th .laiiiiary 
1923. 

Do. 

He, (67) Ho. . Iron pyritc M. L. 236*8 17t]i May 
1623. 

,30 year,. 

Do. (66) Mc'nrs.Tlic Henzada 
Hcvelopniciit Co., Ltd. 

Coal . 1*. L. 4,010 Ihth OctolWT 
1623. 

1 year 

Kntlia (60) Mo Sliwc Hwlu All luincrul"- (< x- 
cept oil). 

P. L. 640 23rd March 
1023. 

Ho. 

Ho. (70) Ko Ko Oyl , (jraidiite . M. L. 1,826 2,8rd Febru¬ 
ary 1923. 

30 yisrh 

Ho. (71) Ma Ma . All ndncrals (ex¬ 
cept oil). 

]'. L. 
(renewal). 

<> 21st March 
1922. 

1 year, 

Ho. (72) I to. Ho. P. L. 
(reiiewnl). 

1,600 Ist ScpteiubcT 
1928. 

1)0. 

Ho. (73) Muiiok Slid Maiinn Do. P. L. 
(renewal). 

960 7tli T)eccnilH-r 
1923. 

Ho. 

Lower Ohlnd- 
win. 

(74) MauUd Ya Hla Mineral oil . P. L, 3,206 16th January 
1923. 

Ho. 

Do. • (76) Mwib Frank .lolin- 
hon Hoiih a Co., Ltd. 

1)0, P. L. r>,241-06 SOth April 
1923, 

l)(i. 

Ho. . (76) Mcbsrt. Ualtlwrar A 
Hon. 

Ho. P. L. 13,440 27th Angosi 
102.8. 

Do. 

1)0, (77) McbHW. 'ihe Indo- 
Hnrina I’otroleum Co., 
Ltd. 

Ho. P. L 1,020 16th July 
1023. 

JSi. 

Ho. (78) Do. . Ho. P. L. 
(renewal). 

8,576 24th Septem¬ 
ber 1923. 

1)0. 

Ho. (70) tlo. . lit). . P. L. 
(renewal). 

0,600 2GUj Novem¬ 
ber 1928. 

Do. 

Ho. . (80) Ma Ma . Hu. P. L. 
(mnewal). 

010 14th Hecem- 
bor 1922. 

HO. 

Ho. . (81) Mr. M. L. Hawhtm , Ho. P. L. 
(renewal). 

3,008 80th Novom- 
bet 1023. 

Ll 

P. I. •‘Pro$p»clingLieente. M. L.••MiningLeuie. 
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District, OSAtriBR. Mineral. Nature of 
grant. 4Tea In acres. 

'Datoot 
eomnienee* 

ment. 
Term. 

Uagwc • 82) Mr. W. B. Smith . Mineral oil P. L, 1,920 27th FoiirU' 
ary 1923. 

1 year. 

Do. 83) UaNhiiu Esoof Maitun Do. P. L. 
(renewal). 

040 20th August 
1922. 

Da 

Do. (84) E. Solomou & Sous Do. P. L. 
(renewal). 

610 14th July 
1922. 

Da 

Do. * (85) Maung MaiinR Pe . 

1 

Do. I* I.. 
(n newal), 

1,280 10th Nuvoni- 
|jot 1922. 

Do. 

Do. (80) Mr. A. Kahman Do, 1*. D. 
(reiH wal). 

3,840 lOtU January 
192.1. 

Do. 

Do. (87) J.iffarally T a r 
Malioiiiod. 

Do. P J,. 
(renewal). 

OaO 51h Di'iHJUibcr 
1922. 

Do. 

Do. (88) Sfaung Po Bun Do. P. L. 
(renewal). 

010 2(ilh PAni- 
•ry 1923. 

Do 

Do. (80) Mr. J. W 11. IViiiior Do. P. L. 2,500 2fltli Ajinl 
192.!. 

Do. 

Do. (90) Maung Po Ban Do. P 1/ 2,560 bth May 1923 Do. 

1)0. (91) Mrhsts. Tlir Union Do. V n. 3,840 
< ' 

15tll June 
1921. 

Do. 

on Co. 

Do. (9‘J) Maung Po Han Do. P. li. 700 13th June 
1023. 

Do. 

Do. (\>H) .4bclul Riihinau Do. M L. 040 Ith May 1923 30 yiais. 

Do. (04) Maung Mo Thauug Do V D. 040 241 h April 
192.3 

1 yeai. 

Do. (05) Mowrh. 'I'iu' iTtu- Do. P L 1,920 I2th Mareli 
1923. 

2 years. 

wadd> Putrolouiu Oil 
Kyndu'utp. 

(ri 111 wal) 

Do. (98) J. Tar Muhoincd . Do. P 1- 
(ri lie wal) 

3,010 l-2th April 
1923. 

1)0. 

Do P. D. 
(remw.il) 

1,260 Ttli June 1923 Do. 
Do. (97) Maung Po Tun 

(08) Mr. U. Ji. MooHa . 
Uttll JllIK Do. 

Do. P. L 
(iciiewal) 

UK) 
bo. 1923 

Do. P 1. 
(aiiewal) 

1,200 aSrd Jiilj 1 yiar. 
Do. (09) Mr. A. Bahinan 1U2J. 

(100) Mr. A. D. Maytt . Do. P h 
(rencw.il). 

1,040->0 29tl) StpUm- j Do 
Do. l,irl923 

Do. P. L. 
(renewal). 

100 iHt Aiigiiei ' no. 

Do. (101) Mr. 15. E. Moolla . 1U2J 
1 

Do. P 1- 
(renewnl). 

7,080 25tli Augiiht 2yean', 
Do. (102) Mcwira. The Indo 

Burma I’ptroleum Co. 
1922 

I year. 
1,110 Oth Augiis 

J)o. (103) Mr AbdulEahiiiat Do. 1 . 
(ri Ml wal) 

1923. t 

P. D. 
(renewal) 

3,200 35th Augiif. t Do. 

Do. (104) Do. Do. 1923. 

P. L. • Pmtpectwn licentf. M. I- - J/• 
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D:«trlot. auKTiClS. Minoral. Natnie of 
grant. 

Area inaorcs. 
Dataof 

commenoa. 
mout. 

2i*ufUJ. 

Miewe (106) Mr. E. SoiomoQ . Mineral oU . P. L. 
(renewal). 

640 17th August 
1023, 

OyoiN. 

1X>, (100) Mr Abdul Eiihnuvn Do. P. L. 
(renewal). 

640 ESth August 
1928. 

1 year. 

u» (107) M«un« 1*0 AuiiK Do. P L 
(renewal) 

480 2nd October 
1028. 

Do. 

JJO. (lOH) MauiiK Po Tuu . Do. P L 100 10th Novem¬ 
ber 1023. 

' Do 

Dj. . (109) MauuK Vo Do . . ' P. L 640 Do Do. 

Do. 110) Mr. W It Hrnitli Dfj. P. L. 626 2.5th Oetober 
1023. 

Do. 

1)3. (111) Mr. £. £ MoolU 
• 

IK,. . 

“ ■ 
100 16tb No vein- 

Iwr 1923. 
Do. 

Do. (112) MohHfK. 'Jlw Upl«‘r 
Dnrnia Oil Syudiuto. 

Do P L 2,880 1st December 
1923 

2 yrarv 

Do. (113) Mauup Pu 8an Do P L 
(niiM'wal). 

640 20th Febru¬ 
ary 1923. 

1 year. 

Do. (114) MauiiK Kyan Daw Do. P L 
(n newal) 

1,280 2nd Marih 
1921 

2 yiar 

Do. (115) Mf'.srs.Tlu Burma 
OlKo 

Do P L 
(renewal) 

1,200 12th Septem¬ 
ber 1923. 

Do. 

Mttuilalay . (116) Sloiwr^ Stirl Bioh 
& Co , Ltd 

All iiiliuraD (ix- 
oil). 

1 1* L. 
(renew.*!). 

2,560 Iht October 
1922. 

1 year 

Morpul (117) Mttiiuit CbO'Jii Tin and allied mi¬ 
ne lals 

P L 271 36 6tli February 
1023. 

Do 

Do (llS)Md £xoof Dhynii'Hh Tin . 1 M L 31744 6th January 
1023 

30 yuiiv. 

Do. (110) Mr C ChHii SIiwi Do. M. L. 
1 

1,851.88 11th January 
1023 

Do 

Do. (110) Mr D D MiikeiJI Do . . j P L. 2,304 ttli NoveraU'i 
1022. 

1 year 

Do (121) 8D Q H Hand . Tin and allied 
miner ila. 

P. L . 642 72 22ud July 
1922 

Do 

Do (122) Mr AMO PorbcB Tin . P L 1,131 52 26th February 
1023. 

Do 

Do (12J) Muung Kyln Du . Do . M L, 

1 

424 06 27th January 
1023 

80 years 

Do (121) Mr Jos.McGregor Tin and allied 
minerbiB. 

P. L 06046 2nd January 
1028. 

1 year. 

Do. (125) Maung 1*0. Tliaik Tin . M. L. 401 52 23rd January 
1028. 

80 yoarb 

D). (120) Maung Fo . Tin and allied 
mioeralg. 

M. L. 66.5.6 3rd March 
1028. 

Do 

To. \127) Mr. A S. Maho- 
mod. 

Tin . . . P.L 614 mh Xhb- 
ruary 1928. 

1 year. 

P. L. mPro$peettng Lkenie, X. L, ••Mining Imf. 
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Mineral. 
A’ate It til ^ 

li«‘a 111 aert s | 

1 

Date o( 1 

grant iniiiiiieiK 1. 
lilt III ' 

1 

Term. 

- 
.M L. 

r 1 
|1S9) Mr. A- B< tfabuwed ' Tin . 2r« 1 ; loth .T.'im.ar\ , 

102.3. 
10 yiari'. 

« . (129) Mating Po . Tin and allied 
mlneralt. 

M 1. J(l« 21 1 i’st .Tiiinmi} 
102.1 

30 years. 

1,0 . (litD) Manng Ban ],nn Do. !• T. 281 ('.(1 I6|]| March 
10-2.J 

1 ytai 

no (t3l) Mai’fw Cliooii Tin . M. L 2DI 81 11tli .laniiarx 
1‘)2.1 

30 years. 

1»0 (J 32) AmiR Sola Saul . Tin and Wolrratn M L. 1,118 24 2oth Felirii- 
nr> 1023 

Do. 

Do (133) Mr. T. Qtcculioa . AH inlnend't (ex- 
eeirt oil) 

P L. 
(renewal). 

3,082 24 14tli July 
1021. 

2 yi-ars. 

Dll (134) Mr. V.A.H. Kuthor- 
laJid. 

rasslDTltc and 
gold. 

P L 
(reiieWitl). 

610 2Jht July 
1022. 

• 
1 ycj*r. 

Do ((.to) Alnung ban lltin . W’ollriun, tin and 
alllt'd uiiueralx. 

1*. L. 
(n“nt nal). 

1,120 0 ' 

2,186-21 j 

‘.'61 h Odobtr 
1022. 

Do. 

Do (136) Mr. I'lmit Klintii 
Look. 

All minerals (tx- 
eept oil) 

P 1. 
(renewal). 

1.3th Otkils-r 
1022. 

Do 

Do (137) Mfubrs. The RttriiiH Miiuiral oil and P. L. 
(lenewal). 

3,017-52 1 10th May 
1021 

2 yt nrs. 

Kiimiir*' uiid Mining 
Co., Ltd. 

roal. 

2,320 60 ! Do (l»8) 1)0. 1)0. P. L. 
(renewal). 

Do. Do. 

Do (J30) Mr. A C. Martin All inhieraN (ex- 
cejit oil). 

P. L. 
(renewal). 

2,0<)0 WO -7111 Otto lit 1 
1922 

1 

1 yiar. 

Do (UO) Saw Lein Ta*p Tin and .allied 
minerals. 

P. I. 
(reni wnl). 

CIO 2nd AoxemU-i 
1022, 

r Dr. 

Do (111) Mr. J. T, Doni)c . Tin . P. L. 
(renewal). 

1,07'. 20 8tli Di ii-Ui- 
1 Ih-i 1022. 

Do. 
1 

Do (142) 1)0. Do. P L 
(renewal). 

1,287 68 1 Do. 1 Do. 

1 

»') (143) Mr. A. S. Maho¬ 
med. 

Tin and allied 
minerals 

P L. 
(renewal). 

701 1 20tli Dettlli- 
iK-t 1922 

! 

Do (144) Meaara. Morgan ani All mlnnalh (ox- P, L. 1,102 96 1 Ah Kfbnmiy 
J9*M 

Holmes. eept oil). 

Do (145) Mr. A. C. (Jampbel 1 riii . P L 1,126 40 Oth .lamMi) 
192.S 

Do. 

Rogers. 
1 Du. 

1 
Do (14(1) Maung San Mat' . Do. . P. L 1,123 36 16th June 

lo;:!. 

Du (147) Maung Pan On . Do. . M. L. 2J6‘22 2()th March 
1020. 

1 30 J oars. 

Do (148) Lim Hliain . Tin Ore M. L. 450-56 32a<l Marti 
1023. 

1 Do. 

!>>• . (140) Olmrtus Ellis Do. M. 1. 731-72 17th Apii 
1023. 

1 Du. 

P ,1* mPmptctingM'- 
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\ 

Dtotrlct. OftANTBU. Mineral. 
B'atnre ot 

giant. 
Area in acres. 

Date Of 
oomtnenoe- 

ment, 
T( im 

Uergul (150) Messn, Wifibtman All minerals (ox- M. L. 4,809-24 0th Match 30 >i‘w. 
& Co. coptoll). 1921. 

1)0. (151) Mr. A. ('. Caiupboll Do. • P. L. 1,873-02 14th January 1 yew. 
Eogcra. (renewal). 1022. 

Do. (152) Mr. J.T.Doupe . Tin . . P. L. 640 18th Angnst Do. 
(renewal). 1922, 1 

Do. (153) Mr. Coo. W. Bow> All minerals (cx- P. L. 1,267-20 18th Decern- i Do 
dou. cept oil). (renewal)i bet im. < 

Do. • (164)Mr.V.A.P.8uthi'r- Tin and allied P. L. 4,032 
1 

21st June. 1)11 
land. minerals. 102.3. 

Do. (156) Mt. J. K. J«4llo . Tlh ore . M. L. 404-86 20th FoIjcii. 30)(ars, 
ary 1020. 

Do. * . (150) Mr. Joo Deng All minerals (cx- r. L. 1,172-48 28th April 1 Jlar 
cept oil). (lenewal). 1023. 

Do. (157) Mr. W. ». 'Jli\aot Do. « M. L. 517-12 12th Deeera- 30 jtatb 
bar 1023. 

Do. (158) Mr. X. (irconhow . Till . M L. 21,''••70 14 th Maroli Jid 
1022. 

Do. (160) Mf. 8. 0. Uolmos Coal . J*. L. 2,201-80 80th Noveiii- 1 vul 
bet 102.3. 

Do. (100) Ml. S. V. MotriH . Tin , . P. L. 637‘60 10th October Do 
1023. 

Do. (lOJ) Maung Sau Dull . Tin and allied r. L. 128 4th Deeem- 11(1 
minvralB. ber 1023. 

Do. (162) Mr. Joo Song . Tin Ole P. L. 35 840 3id 'Novem- lid 
ber 102.1. 

Do. *. (103) Mr. M. llaulff . Do. a P. L. 488-90 27th Woven)- J)i> 
ber 1083. 

Do. (164) T/io Austral Malay Do. 1*. L. 2,135 14 1st Doeetn- lid 
Tin, Ltd. ber 1023. 

Mlnbu (165)Mosbis Tho British Mineral oil. P. L. 06-60 1st Kovoni' 1)0 
Burma Petroleum Co., 
Ltd. 

bor 1022. 

Do. (166) Do. Du. • M. L. 03(1 0th Febru- 10 
ary 1923. 

Do. (107) Messrs. The Burma Allmineralsincliid- P. L. 6,700 12th Novem- 1 )cir 
Fiiianee and Mining ing mineral oil. ber 1022. 
Co., LW. 

Do. (168) Do. Do. • P. li. 4,160 14tli Novem- Po. 
bor 1022. 

Do. (100) Messrs. The Indo- Mineral oil . P. L. 1,288 30th Novem- Do, 

Burma Oil-ilelds Ltd. ber 1022. 

Do. (170) Messrs. The British D<,. . P. li. 1,026-86 5th January Do. 

Burma J'utrulcum Co., 
Ltd. 

1023. 
! 

Do. (171) Do. Do. M. L. 566 28th Pebni- 30 van” 

• ary 1023. 
_- 

P. L. Pntpetiing lAemte. M. L. mitinwg Ztate. 
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Dltttrlct. GIUKTSB. Mineral. Nature o£ 
grant. Area In acres. 

Date of 
commonec- 

ment. 
Term. 

Mlnbu (172) MeBftra, The Irra¬ 
waddy Vetroloum Oil 
Byndlcuto. 

Mineml oil 1‘. h. 
(renewal). 

2,370 16th .July 
1022. 

3 years. 

Do. • (173) Mr. S. £. Osiiiany Do. r. L. 
(renewal). 

1,280 21st iScpfem- 
11011022. 

Oo. 

Do. (174)Mr, J. A. Tar Ma- 
hoiuod. 

Do. V. L. 4,508 3lHt Novem- 
1x^1922. 

1 year. 

Do. (175) MauQg Da Thi Coal and mineral 
oil. 

1'. L. 220 20th Mawh 
1023. 

Du. 

Do. • (176) Mauug U Kin Mineral oil . P. L. 320 71h Pobru- 
ary 1023. 

Do. 

DO. (177) Do. Do. . P. L. 100 Do. • Do, 

J)o. (176) MauiiK I'u Khi Do. . P. L. . 433-00 24th January 
1923. 

Do. 

J)o. (179) MesiirB. The Indo- 
Biirma Oii-flcldh, Dtd. 

Do. . . P. L. 223-C 13th Pebhi- 
ary 192.3. 

Do. 

J)o. (180) McattrF., The Duriua 
Oil Oo., DW. 

Do. . P. 1.. 
(renewal). 

CU) 23rd January 
1923. 

2 yeats. 

J»o. (161) D. M. Akiioon . Do. . . P. Ji. 
(renewal). 

320 23rd Deecm- 
ber 1922. 

Du. 

1)0. (182) Maung DuKhin . Do. . P. L. 1,000 2lHt Febru¬ 
ary 1023. 

1 yoat. 

Do. (183) Maung Aung Du . Do. . P. L. 2,020 1711) May 
1023. 

Du. 

Do. • (184) Do. Do. . P. 1.. 1,023 D(^ , Do. 

Do. (IS.'i) Mr. D. M. Akhooii. Do. . P. L. 
(renewal). 

1,280 IHtli May 
1023. 

2 yeats. 

Do. (180) Mr. Ksuiail K. LIh- 
nmi). 

Do. . P. L. 320 51 h Oetober 
1023. 

1 year. 

Do. (187) Mosbr*. The Hritiah 
Duriiia Fotrok-um Co., 
Ltd. 

Do. . M. L. 630 9(h Febru¬ 
ary 1923. 

30 years. 

Vlyingyan . (188) Messrs. The Biiriuo 
OilUo., Ud. 

Do. P. L. J,580-16 20tli Deeem- 
ber]922. 

1 year. 

Do, (180) Mauug I^et and 
Maung Bu M.lu. 

Do. . P. L. 
(renewal) 

100 Srd Ndveinlw 
1923. 

Do. 

Do. (100) Messrs. The Union 
Oii I'D. of Burnm. 

Do. . P. L. 0,720 17th Septem¬ 
ber 1022. 

Do. 

Do. (101) Messrs. The Burms 
Oil Co. 

Do. . P. L. 2,313-14 22iid l)e,eeii»- 
ber 1922. 

Do. 

Do. 102) Mr. Baijuath BIngh Do. . P. 1. 
(rciicw'nl) 

3.200 16th June 
1923 

Do. 

Do. (103) Messrs. Tlio Butina 
Oil Co., Ltd. 

Do. . P. L. 
(renewal) 

1,004 80 31sl July 
1023. 

2 yean. 

T.L,^FnnpietingLiceW. M. L.’^MiMtngLeatc. 
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District. 
t 

DRAXTIEii. 

1 

Mineral. Nature of 
giant. Area in acres. 

Date of 
oummonoe* 

Biont. 
Utita, 

UrbiBytn . (104) Mossrn, The Union 
Oil I'o, J.td. 

Hliirtal Oil P.L 
(renewal) 

(1,720 ■ 17tu Septmiv- 
(Mr 1028. 

1 year. 

Nottlwrii 
flhM HUtc<« 

(195) Mmi*). rii( Jluiinn 
donwratlon Ud. 

Iron Ore . r. L. 640 1st October 
1822. 

Do. 

Do. (105) Do Du. P. L. 885 1st June 1822 Du. 

Do. (197) Do. Do. P. L. 
(tuiii'wal). 

100 81h May 1923 Do. 

Do. (198) Mossre Titc (oal 
flolili of Buriiia l.td 

All mineraia 
cept oil) 

(ex- P L 
(rem wal). 

2,500 1st August 
1022. 

Do. 

DOs (190) Mosar’ The Biitnia 
Curporatiuu Ltd. 

Iron Ore M. L. 820 Ist January 
1020. 

80 years 

Do. (2Q|)) Do Do M L. 82il Do. Do 

Do. (201) Do. Do. P. L 
(renewal). 

885 1st June 1923 1 year 

Do. (202) McHflTH Tlip fV)al- 
fields of Bnrina Ltd 

All inineraH 
ccptoll). 

(ux V L 
(renewal). 

2,5b0 1st August 
1023 

Do. 

Fakokku (203) Mr.K'ivland Ady Mineral oil . P. L 2,400 1st August 
)')22. 

Do 

Do. (204) Mr Colin Campbell Do. P L. 551 4 22nd Muvem- 
lH'rlU22. 

Do* 

Do. (205) Ha Znn Do. . P L 200 
(in Blot ks 02 

and 97) 

Ibtli Uetober 
1022. 

Do. 

Do. (200) U Ba Oh . Do. . P L. 3,270 8 80th Novem* 
birl022. 

Do. 

Do. (207)*HaiinK Hmon and 
Maung Thin 

Do. . P. L 
(rtnewul). 

820 31st August 
1022 

Do. 

Do. . (208) Do Do. . P L. 
(renewal). 

100 Do. . Do. 

Do. (209) MesHrs. The Burma 
Oil Co 

Do. . P L 
(lenewal). 

bOO 17lh l^o^om- 
bci 1022. 

2 yours. 

Do. (210) Hr Ebrahim Do . P L 640 15th August 
1028. 

1 year 

Do. (211) Hestrs. The Nath 
Singh Oil Go. 

Do. P. L. 
(lenewal). 

14,400 27th Novem¬ 
ber 1921. 

2 years 

Do. (212) MCBsrs. The Indo- 
Burma JTtiolenm Co., 

Do. . P L 
(rontwul) 

800 4th Fcbruai) 
1922. 

Do. 

Do. 
Ltd. 

(213) Bajuath Singh Do. . P. L 
(lenewal). 

2,100 28th March 
1022. 

Do. 

D(J. ‘ . (214) Ma Zan Do. . P. L. 
(renewal) 

100 30th June 
1022. 

Do. 

Do. (216) Mos»». The Brltiab 
Burma J’otrolenm Co., 
Ltd. 

Do. . P. L. 640 acres in 
Block 138 of 
Yenangyat 
Oilfield. 

16tb August 
1923. 

1 year 

f. L.» Pfetpteting JAmu. M. L. •■Mitiwt Zeate. 
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I’akokka 

Do, 

rnmio 

])(). 

J)u. 

Du. 

io. 

Do. 

Do. 

Do 

D> 

Di. 

siiuebo 

D) 

J)o. 

Do, 

Jjo. 

Do. 

1)0. 

Do. 

tlltaD States. 

, QitaiiiniiK. 

^210} MautiK AuuR Ba . 

(2)7) Moasre. The Nath 
SlaKh on Do., Ltd. 

(218) Maung Bo N1 

(219) Maung Aung Qyaw 

(220) G. Uovindram 

(221) Miiiuig Bo Nl 

(222) Mr. Arthur Daires. 

(22.1) Ismail Aboo Ahmed 

(224) Mpssrs, Dnithazar 
iV Si>nR. 

(220) Mr. Altaulla 

(220) Manng Aung Nyein 

(227) Maung 8hwc Bwn. 

(228) Messrs. Finnk John 
son .Suns A Co., Ltd. 

(220) Do. 

(2.10) Messrs. The Indo- 
Jlurma ivtroteam Cu., 
LDI. 

(211) Do. 

(212) Messrs The Burma 
Oil li)., Ltd. 

(2:13) Messrs. The Indo- 
Onnna Petroleum Co., 
Ltd. 

(234) Messrs. The Coal- 
floids of Burma Ltd. 

(236) Ismail Ksoof Kaka 

(23fl) Mr. Liu Chin 
Ssong. 

Mineral. 
Nature of 

graut. 
Apu In acres. 

Date of 
eonimeiiee- 

inent 
Term. 

Mineral oil . 

Do., . 

r. L. 

P. L. 

> 

J 

. 

Appileations 
ha net 10 ii o d 
in >loveinlx?r 
1921 Lif(*u- 
hes not yet 
I'vcutcd. 

Do. . r. L. 
(renewal). 

40 08 22nd Deeom- 
iKT1922. 

1 year 

Do. . 1*. L. 040 29tli Beptem- 
her 102J. 

Do. 

Do. . 1*. I.. 
(renewal). 

110 08 22iid Fi bru- 
ury1U2J. 

Do. 

Do. P. L. 
(renewal). 

010 28th March 
192J. • 

Do. 

Do . P. L. 8,320 10th Ootober 
192J. 

Do. 

All minerals (ex¬ 
cept ambei, jade 
and jadoite) 

P. L. 4,441 00 IHth Deroin- 
l«rl92J. 

Do 

Miucrnlull . r. L. 9,10810 Do Do. 

Ail minerals (ex- 
eept smla‘r, Jade 
and JailoiU-) 

P L. 2,f>00 1511) Dccptu- 
ta 1 102J 

Do 

Mineral oil . M L. 400 (M) 2411) NoMm- 
Isr 102.! 

30 \eHrs.' 

Do. . P L 
(renewal). 

040 25t)i May 
102!» 

1 year 

J^O. P L. r>,() U! 80 91li M.iy 1021 Do. 

Do J* 1. 7,080 Do IV1 

Do. . P. L. 2,ufl0 2.1rd May 
192J 

Do 

Do. P. L 18,560 list tiigiist 
i02i 

Do 

Do. J* L. . 4,518 1(1 2511) Si iileni- 
III t 1021 

1)0 

Do. 1* L. 9 280 I4tll \UgllKt 
1921 

Do 

All mineralB (cx- 
eeptoil). 

Coal 

P. 1. 
(reiioviBl). 

P. L. 

1,020 

1,920 

1811) I'lbni- 
ary 193J 

2 ml Noxem- 
boi lysi- 

Do. 

1)0. 

Lead . P. L. 
(renewal). 

40 
fith nbriiary 

192J. 

Do. 

?. L.-Prou»Mli«g lAtfnff. M. L^-Mnnug Leait. 
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BURMA—cmtd. 

[VOJ., W. 

Dlltrlet. GKAKIEB. Mineral, Nature of 
grant. Area in acres. 

Date Of 
eomroeaoe* 

ment. 
Term. 

SoutbPin 
Bban Btatne. 

(237)CBpt. J, P. X. Wil¬ 
kins. 

AH minerals (ex¬ 
cept oil). 

P. L. 2-72 20t)i April 
1923. 

1 ycor. 

Do. (238) Sir J. 0. Scott , Gold, Copper, etc. P. L 
(renewal). 

6,440 9tta May 1928 2 years 

Do. (239) Do. Do P. L. 
(renewal). 

040 Do. . Do. 

Do, (240) Mr K. B, Novillo . All minerals (ex¬ 
cept oil). 

P. L. 1,120 flth Dccom- 
bei 1928. 

1 year 

Do. ( (241) Messrs Stool Bros. Do. P. J. 80 3r(l Decem¬ 
ber 1923. 

Do 

Do. (242) Do. Do. P. L. 224 Do. Do 

Do. eE48) Mr. J. W. Kyan . Do. P. L 503 25 6tli Peptom- 
ber 1923. 

Do 

Do. (244) Messrs. Steol Pros. Do. P. L 2,W»0 27th No vern¬ 
ier 1923. 

Do. 

Do. (246) Do, Do. r. L. 2,370 15th October 
1923. 

D). 

Do. (246) Do. Do. P. J. 
(leiicwal). 

ix I'iH 1st April 1923 2 jenr*. 

Juvoy (247) Ong Hae Kyln . Wuifrain and tin M. L 027 8th March 
1023. 

30 yea^. 

Do. 

Do. 
■ 

(248) Messrs TUo Tiiilo- 
Barma Tin Corporation 
Ltd. 

(240) Do. 

Do. 

AH inlnerals (ex¬ 
cept oil). 

M L. 

P. L. 

3-90 

144 

17th March 
1923. 

JUtli January 
1923. 

Do. 

1 yc.n 

Do. . (260) Mr. M. T. Diinstan Do. P. L. 1,703 10 'list Jannniy 
1923. 

Do. 

Do. • (251) Ma Vai Tin and Wolfram P. L. 305 02 20tb January 
1923. 

Do 

Do. (262) Mr. 11. C. N. Iwito. Tin and allied 
inlnerals 

P. L. 117 3')th January 
1928. 

Do 

Do. (263) Lee Talk tieong . Tin and Wollram. r. 1,. 29.1 08 intb January 
1923. 

Do. 

Do. (254) H. Kim Chu Tin and allied 
minerals. 

P. L. 570 10th Febru¬ 
ary 1924. 

Do 

Do. • (266) Mr. J. M. Manotcjl Do. P. L. 
(renewal). 

1,100 27th Oefobor 
1922. 

Do. 

Do, • (250) Mr. Q. Lovell Tin ond Wollram P. I., 218 17th April 
1023. 

Do. 

Do. f (267) Manng Maung Do. P. L. 040 25th May 1928 Do. 

Do. • (268) Messrs. Tavoy Tin 
Syndicate, Ltd. 

Tin and allied 
minerals. 

M. L. 817 68 27th Anpst 
1920. 

30 y(»ts 

Do. • (260) Qnah Cheng Took. Wolfram, tin and 
allied minerals. 

M. L. ■ 667 18ih April 
1923, LI 

V.1,mPntp«AingLktn9». Vl.L,mMiKingLme. 
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BURMA—-conirf. 

Mineral. 
]Naturo of l).a*e of 

, f Area in aorw. commeiiee- Term, 
' nient. 

(200) Maung Po Swo Wolfram and tin M. L. 

(201) MaongManng > 

(262) Mr. G. Lovell 

(263) Mr. J. A- Paan 

(201) Mr. M. T. Pnnatan 

(266) Mr. H. Rim Chu . 

P.L. 
(reiw'wnl). 

1 P. I. 
(renewal) 

Tin and allied 
mineral*!. 

(206) Mr. 3. J. A. Page Tin . 

Tharrn- 
waddy. 

(207) ManiiR Ni Toe . All minerals (ex¬ 
cept oil). 

(268) Mossts. The Indo- Tin . 
Burma Tin (iorporntlon 
Ltd. 

(260) Ong Hoc Kyin . Tin and Wolfram 

?. L. 

1'. L. 

(270) Megsrs. Steel Bros. 
A Co., Ltd. 

(271) Md. Aslam Khan . 

All minerals (ex¬ 
cept oil). 

(272) Mr. H. Wlllisoii . Tin and Wollrnm 

(27!!) Mauntf Ba Oh 

I (270) Maimg NI Toe 

All minerals (ex¬ 
cept oil). 

J’. L. 
(lencwal) 

1'. L. 
(renewal) 

i P. L. 
(renewal) 

(276) Mr, M. T. Dunatan Tin and Wolfram 

(270) Mr. A.Shcard 

(277) Do. 

(278) Do. 

(270) Mr. H. Kim Cliu . 

(280) Maung Po Myec . 

Tin and other 
minerals. 

Tin and allied 
minerals. 

All minerals (ex¬ 
cept oil). 

(281) Maung Aung Nyun Mineraloll . 

(282) Maung Pu . Tin . 

I P. L 
(renewal) 

r. L. 
[ (icnowal) 

201 li April 5 years. 
I 102.1. 

I7th April 36 yean. 
1023. 

13th January 1 year. 
1023. 

2OII1 April Do. 
I 1023. 

6th July 1023 Do. 

21 st Hepteni- Do. 
her 1023. 

lOlh Septem- » Do. 
her 1923. 

171 h August Do. 
1923. 

21 si August Do. 
1923. 

mill fleptcin- Do. 
her 1923. 

Ist February 30 yean. 
1019. 

24th March Do. 
1 1919. 
1 
i .'ll h May 1923 U years. 

I 
231 d June I year. 

1923. 

1 3 ist July Do. 
j 1023. 

' 1st Oefoher Do. 
1923. 

I 30tli Noseni- Do. 
her 1923. 

]8lh Decein- Do. 
her 1923. 

mill Juno Do. 
1923. 

22nd August Do. 
192.'). 

2nd Fehnmry DO. 
1923. 

y. L.-J mptding Licanae. M. L.-Miwinp Leate. 
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BURMA—confi. 

nutrict. aSAHtBli. Mineral. 
Xatnre ol 

grant. Atm In acres. 
Dat««l 

oimna^tneo. Tens. 

'Miayrtinyo. (283) Mr. Dmall Aba . Mineral oil. P, L. 2,880 15t]i JAnvary 1 yw 
im 

Do. . (284) Oolabfoy Hovlnda- Do. . P. L. 640 8th Decern- Im 
ram. 

1*. L. 040 
her 1022. 

Do. . (285) Do. Do. . Do. . Do 

Da. . (286) Ismail Aba Ahmed Do, IM 2,240 I5tb January 
102 A 

I>0 

Do. . (287) Omar Abu Duckor Do. . P. L. 2,600 28rd Febni- l)(l 
ary 1023. 

Do. . (288) Mussn. Prank .ruhu- D) , J* L. 3,840 9th February 
son Sous & Ciu., Ltd. 1023, 

Do. . (289) Messrs. The Indo- Do. . M. L. 320 8th March 30 \lu^ 
• Burma Oit'flelds (1020) 

Ltd. 
1023. 

Do. . (200) Messrs. Frank John* Do. . P L. 624-8 8th Febm- 1 yi«t 
son Sons & Co., Ltd. ary 1023. 

Do. . (201) Oolabroy Guvlnda' Do. . P. L. 3,200 8th Deoem- Do 
ram. ber 1022. 

Do. . (202) Omar Abu Backer Do. . P L. 2,400 28rd Macoh Do. 
1028. 

Do. . (263) Mr. Onlln Campbell Do. . P L. 2,006-20 loth January Do. 
1928. 

Do. . (204) Mr. Howland Ady Do. . 1*. L. 3,008 13tb January 
1028. 

Do. 

Do. . (206) Messrs. The Indo- Do. . P. L. 2,600 I2tti Joly Do. 

Bntnio Ull-flelds Ltd. (renewal). 1622. 

Do. . (200) Do Do P. L 4,800 0th October Do. 

(renewal). 1022. 

Do. . (207) Do. Do. . P. 1.. 2,600 14th Decern- Do. 
(renewal). beil822. 

Do. . (208) Do. Do , P 1 0,880 4 23r(l Jantiary Do. 
(renewal). 1023. 

Do. . (200) Ismail Ahoo Ahmed Do. . M. I, 320 I2th May 102 )0 use 

Do. . (.300) Mr. D. M. Akhoon. Do. . P L 010 2nd July 1 \car 
1023. 

Do. . (301) Messrs. The Tndo- Do. . P L 18,406 20th April Do 

Bunn a Oll-flelds (102(i i 1023. 

Do. 
Ltd. 

(302) Yen Bug B>ah Do. P. L. 1.S12 6th Jnly Do 

1028. 

Do. . (303) Mr. Colin Campbell Do. P. L. 1,426 nth July DO 

1023. 

Do. . (304) Ma Tholn Yin . Do. . P. L. 3,200 20tlt July DO. 

1023. 

Do. . (SOS) Messrs, The Indo* Do. . P. L. U^iO 12t}i Mardt 1)0. 

Burma 011-flulds (1020) 
Ltd. 

(renewal). 1023. 

- 

P. L,’^PnfpeHinfliefTfe. 



Part 2.J Pasoob : Min&ral Prodmtim, 1923. 167 

BURMA—concW. 

i) »irlct. ORiNTBE. Mineral. 
Nature of 

grunt. krea In nere«. 
Dote of 

'ominence- 
ment. 

rerni. 

'1 imyrtmyo [80fl) Mowrg. The Inao* 
Burnift Oll'fteldB (1080), 

Mineral oil 1>, L. 
(renewal). 

S.UL'ino 1 5th Febru¬ 
ary 1023. 

1 year. 

Di). . 
Ltd. 

(S07) Do. Do. . 1 1*. L. 
1 (renewal). 

2,56(1 2th Jidv 
1023. 

l)<) 

Do. (:H)8) Mwiiig Hnic Du . Do. . 1’. L. 

1 

10(1 ,5th Septem- 
l)i>! 1923. 

Do. 

Do. . (300) (lolabroy <»ovlnd- Do. . 1 > 100 iOtli 8i‘i)teii)- 
b)‘l 1023. 

Do. 

Do. . 
rain. 

(310) Maang Ifmc Du . )'«. . L. 100 1511) Se]itei))- 
hel 102 ! 

Co. 

Do. . (311) Mtwm. 'll>c Imlo- i)0. 1 l>. L. .■),2.1i’20 3rd Sevleiti- 
hel 102.!. 

Du. 

Burma OiineKiii, Ltd. 

Do. . (312) t'hwa Mating TIKc Do. . I>. L. KVI 1211) Detoliui 
102-!. 

Do. 

Do . (313) Mi'hkw. Till' Indo- 
Burma Oil flolda (1020) 

Do. . 1*. L. 30,720 A|)) I.eni 11) 1) 
SI) net io ned, 
l.ieense not 

2 yea IS 

Ltd. yet eaeented 

i.. . (314) Meaira. The Union 
Oil Co., Ltd. 

Do. . ?. L. 
(renewal). 

3,71 20 14th Si'pteiD- 
l)erl023. 

1 /ear. 

Do. . (31.^) Maung Tun Aung 
(Jyaw. 

J)o. r. L. 
(renewal). 

(10 20tli Heph'D). 
K-r 102.1. 

Do. 

I'ltjK-r (310) Mown). The Duriiia Do. . • \\ L. 2,816 30th Jai.nary 
1023. 

Do. 

Dlumlwln. Oil Co., Ltd. 

Do. . (31T) Mohud. The Indo- 
Burma I’otroleuiu Co., 

Do. . • ]>. L. 
(D’liewal) 

12,800 121li Heplem- 
l))-r 1022. 

Do. 

IK). . 
Ltd 

(318) Meiars. The Coal- 
lleldH of Burma, Ltd. 

Coal . ■ P. L. 
(renewal) 

2,]8'('8 31st \UgHsl 
1022. 

Do. 

(310) Do. Do. . 1*. L. 
(lenewal] 

1,032 Jfidi Septeni- Du. 
Do. . her 1022. 

(320) Do. 1)0. . l>. L. 
(nmewal 

10,284-0 
.! 

2tilli NoM'in- Do. 
Do. . ■ htr 1022. 

l«o. . (SBllMt'sirs. FrankJohn- 
son Sons * Co., Lid. 

Mlm raloil . • I*. L. . 1 3,n78'J(l 
(renewal). 

•J(>lh Oetotel 
1022. 

Do. 

Do. . 1*. L. 1,760 28th Aiigi si Do. 
IK). . (322) Messrs. The Uiirmn 

Oil Co., Ltd. 
1023. 

1)0. 
.1 Du. . P. ).. 

(renewal 
2 240 2( th .lai'unrN 

Do. . (323) Messrs. Frank .lohn 
son Hons A Co., Ltd. ■ ). 

1023. 

1 Do. 
IK). . (324) Messrs. The Coal- 

fl ld« ot Burma Ltd. 
Mineral oil and 
roll. 

P. L. 
(leliewa 

3,204 
). 

IK). 

Do. P. I,. 
(renewB 

1 7,581 
). 

14(1) -lunnar; Do. 
Do. . (825) Do. 1023. 

Do. (326) Do. Do. P. L. 
(renewn 

1.83* 
1). 

7th Fehrnar 
1022. 

y 2 years. 

Mineral oil . ?. L. 
(iiMiewa 

3,200 
\\ 

2411) May 102 1 1 year. 
Do. t387) Messrs. The Indo- • 

Burma Petroleum Co. 
Ltd. — 

1 

l*, T.. -PA 1/ 
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teNTRAL PROVINCES. 

[V()l,LVI 

DUtrlrt Grantee Mineral. 
Nature of 

giant Area in acreo. 
Date of 

conunonee* 
ment. 

Tonii 

Balaghat . (.^28) The Indian Manga- 
nege Go , Ltd 

Manganese . • M L 16 30th January 
1023. 

20 years 

Do. 

Do, 

(829) Mesgrs B N Sopar- 
kar Ac Co 

(880) Seih Ptrmnnand 
BaToopehand 

Du 

Do 

e 

• 

M L 

P L 

10* 

886 

23rd Marob 
1023. 

15th January 
1023. 

2J 1. Its '1 
CTontlihaiid 

4 da\s 
1 >ear 

Do. . ()3'l)MB»grB ttampragad 
].a\nil Narayan 

Do • • T> L 40 29th March 
1023 

D> 

Do. (382) Central India Min 
incCi),, Ltd 

D). • • M L. 1 2‘)th Januaiy 
1921. 

2 >1 )rs 

Do. (333) Messig D ? Bv 
ramll A (o 

Do • • Vf I 36 811) Way 1028 10 earn 

Do. V.384) I>* Do • • P L 114 201h June 
1023. 

1 J<ai 

Do. (336) MosHrB Lalbeharl 
Narnvandag and Ram- 
rharan Shanknlal 

Do • M L 12 23ril March 
1928 

lt> xars 

Do. (336) Aro^sra Balkpishna 
Narayan A Co 

Bo • Ar L 21 9(h Juno 1923 30 V' ir 

Do (337) Do Do • ? r 12'. 2nth Tune 
1921 

1 M ir 

Do. (338) Mr C S HarrJR . Do ■ ]« L 2'. 121 h June 
1921 

30 M 111 

Do. (330) Mcr rs RampraRnd 
I.nxiiil Caravan 

Do • P L 16 18th June 
1921 

1 \i ir 

Do. (340) Mr Simdeilitl Gnl : 
plia 

Do • p r in Do ! 

Do. . j (341) Jlai .8ahih (joaar 
dlian Dan 

Do P L 71 201 Ii Juno 
192! 

D. 

Do. (342) Fandit Iltwasha Iker Do ■ P L. 120 
i 

29th June 
10?1 

Du 

Do. (iil) D). 1)0 • 
i 

M I, 18 27tli June 
192! 

10 y irs 

Do. (314)MMgra Bamprasad 
J.axm] Narayan. 

Do ■ ]• L 210 27Mi July 
192J 

1 V ir. 

Do. 346) Pandit Kripoaban- 
kor 

Do. • » M L 48 12th July 
1023. 

15y<'iP 

Do, (346) Do. Do. t • P L 181 1 yoai 

Do. (347) Do. Do. a a ML. . 1 
1 

67 let August 
1023. 

15 ycais 

Do. (348) Meggrg I.<albeharl 
Narayaudag and Uam- 
eharan Rhaukerlal. 

Do. • • P L. 25 20th July 
1023. 

1 ytar. 

Do. (340) Do 

. 

Do. » • P. 1. 18 Do. Do, 

?. L mPntpeehtig Lvente. If. !<. ■» Mxning Ltage^ 
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CBJITRAL PROVINCES-oontt?. 

Di«t(ot. Qbaktii. Minora). Batnre ol 
grant. Area In aerea. 

Date of 
commence- 

incut. 
Term. 

BMaKlwt . (3S0) Mown. Balkrlshna 
Katayan & Co. 

Manganese P. L. 43 2i tb July 
1628. 

1 year. 

Do. (361) Mt. Balktithna Na* 
layan Sopatkor. 

Do. P. L. 30 10tti August 
1928. 

Du. 

Do. . ' (362) Paodtt Bewaaban* 
ker. 

Do. P. L. 13 17th .Septem¬ 
ber 1923. 

Do, 

Do. (363) Mrvre Bahinanaha 
Fou7daT Broa, 

Mira . P L. 40 llth Septeni- 
1923. 

Do 

Do. 
1 

(334) Mr. Suii'loria) 
Oolclia. 

Alanganeso . r L. 2 3Ist August 
1923. 

Do, 

Do (355) Bai Bahib Mara- 
yandas £hu'<liallram. 

Do. P. L. 13 20th July Xm 
• 

Do. 

Do (830) The Centra) India 
Mining Co. 

Do. P. L. 12 3l8t August 
1923 

Do. 

Do. (337) Messrs. Martin A 
Co. 

Do. P L. 27L* ITth Beptem* 
her 1923. 

Do. 

Do (368) Rai Sa)ilb Hctb 
Qowardh.andas. 

Do. P. L. 62 3rd August 
1923. 

po. 

Do. (330) Seth Sarupehand . Do. P. L. 17 2l«t Oetolier 
1923. 

Do. 

Do. (300) Do. Do. P. L. 70 2!>th OitobcT 
1923. 

Do. 

Do (301) Pandit Beweshan- 
kar. 

Do. M L. 4.'. loth October 
1023. 

10 years. 

Do (362) Do. . Do. P. L 133 lOlh Novem¬ 
ber ]9-’3. 

1 ysnr. 

Do. (303) Do. , Do. P L. I."! 9 Do Do. 

Do. (304) Messrs. B. P. 
Byramjl >l Co. 

Do. . M. L. 5 Tsl Novem¬ 
ber 1926. 

5 ysari 

Do. (36.*^) Messrs, fi N. Hopar- 
kor A’ Co. 

Do. M.L. 14 nth October 
1023 

80 years 

Do. (360) Messrs. Tata Sons, 
Ltd. 

Do. M. L. 000 1st November 
1923 

Do. 

Do. (367) Pandit Krlpashan- 
ker. 

Do. P L, 23 31st October 
1923 

1 year. 

Do. (866) Mr. Bunderial 
Golcha. 

Do. P.L. 90 Kith Novem¬ 
ber 1923. 

Do. 

Do. (809) Do. . Do. P.L. 66 1 (Jth Novem¬ 
ber 192.3. 

Do. 

Do. , (370) Seth Chagtnal 
Kachar. 

Do. P.L. 8.3 0th October 
1923. 

Do. 

Do. (371) Do. . 

1 

Do. P. L. AH 10th No vc ra¬ 
tter 1923. 

Do. 

V, J,. mPfoip0cl'ng Lieehte. M. L. - MMng Itm. 



160 Records of the Geological Survey of India 

CENTRAL PROVINCES-co«f<?. 

X VoL. LVI. 

District. Gracttec. Mineral. 
Nature of 

grant. Area in acres. 
Date o( 
ooniinence- 

nient. 
Term. 

BAlAglUt . (37‘.i) Tl. y. NarHiiit'dans. Mica . P. L. 42 5th October 
1923. 

1 year. 

Do. (373) Do. . Mannaneso . P. L. 15 Do. Do. 

Do. (374) Mr. C. Stanley 
Harris. 

Do. P. L. ion 16th Novem- 
la>r 1U23. 

Do. 

Do. (375) M. D. Chopra Do. P. L. bo 30tli Noveni- 
b,‘r 1023. 

Do, 

BctuI (37«) Mr. W. M. Moylon <'oal . P. L. 240 3nl January 
1923. 

Do, 

Do. , (377) Messrs, nislx'iwHr- 
lai and Jaitannatli. 

Do. , P. 1,. 475 12th .March 
1023. 

Do. 

Do. (378) Mr. Dainjl Dcosl . Do. . P. L. 33 8th January 
ltf23. 

Do. 

Do. (370) Hetli Hlpiliarilal. 
Banker. 

Do. P. h. 510 5th l''ehruni\ 
1023. 

Do. 

D«j. (380) Patel Keshurani . Do. . P. L. 108 21th Vareh 
102.1. 

Do 

Do. (381) Hazi ^ahiinddln . Do. . 1-. J,. 282 3rd Jaiiiiuiv 
1023. 

Du 

Do. (.383) Paid Keshoram . Do . P. L 178 21th Murdi 
102.1. 

Du 

Do. (383) H<>th Uiiiainal and 
Nnndlul. 

Do. . . P. L. 4(11. 27tli J'ehiuur> 
1023 

Do 

Do, (384) Seth Hazarilal Do. . I*. L. ,33 Ist Maidi 
1021 

Do. 

Do. (.38.1) Mr. Dinanatli Patel lion and feiric- 
o\lde. 

P L 02 otli J.iiiiiiin 
I02i. 

Do. 

Do. (38(t) Mr. Piutul Narayaii 
Mukerji 

< 'oal . P. h. l,4Sl ■totli Jail liar) 
1023. 

Do 

Do. (387) Do. . Do. . P. 1,. 300 24th Mardk 
1023. 

Do 

Do. (38H) Mr. Nazir All Moll- 
aniniaU Ah. 

Do. . !•. 1, .544 30th .March 
1023. 

Do. 

1>0. (380) Tliakiir Prasad 
A WBsthl. 

Do. . P. 1. 52 21st May 1023 Do, 

Do. (3.'<i) Nazar.'ili Molioin- 
madatl. 

Do. , P. L. 444 2(ith Maj 1023 Do. 

Do, (391) Do. . .. P. L. 3I>5 Do. . Do. 

liliudara . 

Do. . 

(302) Mr. Sliamji Kara- 
VllOjI. 

(303) Do. . 

Manganese . 

Do. 

P. L. 

P. L. 

,3 

10 

2nd Kebniary 
1023. 

Do. . 

Do. 

Do. 

D(<. (394) Do. , Do. . . P. L. 1 Do. 1V> 

Do. (395) Mr. Bansldtiar 
BMnDlvaa. 

Do. . P. L. 151 25th April 
1023. 

Do, 

P. *Pro|fi«M. L,Itaff. 
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CENTRAL PROVINCES- conirf. 

PlAtrIct. Gxantbk. Minora). Naturp ol 
Ktant. Area In arrea. 

Datpof 
conimrurf* 

mont. 
Term. 

BJiaiidaiu (:196) M). (•iilniii Moho 
< UU'll. 

j 
j MnnRHiiiai' V. J.. 172 211(1 Jiiiir 

i»2:i. 
1 y«r. 

D<). . (.‘M)7) Jtai Snliiti Oownr- 
dhaii Daa. 

, Do. 

1 

]‘. J.. 3.3 301 h Juno 
1023. 

Do. 

Do. . r3»«) MosHrt. D. ]». Ily- 
ranijt (V ('». 

Do. M. 1.. :i Mil Mny 102:1 5 years. 

T)«. . (3011) Mr. Hiitxlrrlnl 
Dolfhn. 

1 
Ikj. r. I.. 101 261 h July 1023 I year. 

Do. . (4(Mi) 8(’lh Knri)j<lni) , 1)0. I*. I.. 274 IHIli July 
102.1. 

Do. 

Do. . (DM) Do. . 1 Do 1*. J. 63 10th Aiisiii^l 
1023. • 

1)0. 

Do. . (40‘J) Rni .Snliili Kiunj- 
aii(1n> Kliii'b.'ihaii). 

Do. !• 1.. 10 mil \u2ual 
1023. 

Do. 

J)o. (40.3) .Mr. Whuiiijrc Nhi- 
ayanjrc. 

Do. P. L 20 7th July 10'’3 Do. 

Do. . (404) Do. Do. r. L 1 Do. Do. 

1)0. (4U.3) Mcasrs i.RllicImrl 
A'arayMiidaA and limn- 
oharnn 81innkcrlHl 

1 1)0 . . 

1 

-M 1„ 36 2.'tli Au^nat 
1023. 

10 year.. 

Do, . (4(i(!) Sotli Karnidaii 
(’lilioKirial. 

j Do. r. 1,. 6AU !!lf.1 OclobiT 
J02.I. 

1 year. 

Do . (407) Maiiuurull Turnbull 
Symtlrati’. 

1 Do. r, L. 27S 81 h Oi'lohiT 
1023. 

1)0. 

Do. . (lOK) Mr. Sliriraiii ScHi . ^ Do. P. L. 1,3 201 li Dci'du- 
l«T 1023 

Do. 

ih». (400) Mr. l,uln Jaiiinr- 
oyitii. 

Do. » . j 

1 

1*. I.. ID i2tli Nincm- 
tc-r 1023. 

Do. 

Diluipiir . (4101 Mranrs. Clmri iV'Co. 
(’ukntta. 

Coal . . . 1 

1 

r. I.. 1,030 18th January 
l')2:t 

1 Jear. 

Do. . 

Do. . 

(411) Caul. W. J. Cotisi- 
dine uiiu AloHsik. Dull* 
lop Drill. ,v ('0. 

(41*.*) Do. 

Do. . . 1 

1 
Do. . . j 

]■• 1,. 

1*.),. 

11,102 

.3,376 

0th Mnrih 
1023, 

loth Noipiii- 
tin 102.1. 

Do, 

Do.' 

t’liiiiida (11.3) Kao Sniiili i). 
LfiMiii Naraynii. 

Do. . . 1 ,3). ).. Kill Jiiiip 
1023, 

:{0 yc'ara. 

Do, (414) Do. . Do. p i„ 607 ,U.l April 102 1 1 year. 

Do. . (415) Do. , Do. . . p ),. 1,874 Do Do. 

Du. (416) IJoii-bk* Sir M. li. 
DadablKiy. 

Do. , . . 1 
{ 

p I.. 5,M) mil Mny 1023 Do 

Do. . (417) Kao Snhll) D. 
I41XIU] .Narayaii. 

Do. . . p. I,. 73 28lli AuvihI 
1023.. 

Do. 

Do. . (418) Do, . Do. . . 
1 

P. L. 071 Dt Oftobur 
1023. 

lio. 

P. L. Proipecting lietntf. M. Lw Mining itatt. 
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CENTRAL PROVINCES- 

XMstiiet. Gbamxbb. Mineral. Nature of 
grant. Area in acroi. 

Date of 
oommenoe* 

ment. 
Term. 

Ota»Bd« (419) Uoo Sahib D. . 
iaxini Naiayan. 

(ioal . r. L. a 048 26th Novem' 
ber 1923. 

1 year. 

Ohbindwar* (420) Ifi. B.V. Butl . Do. . P. L. a 209 6th January 
1923. 

Du. 

Do. , (421) Diwait Bahadur 
Seth Ballabhdas. 

Do. . . P. L. a 368 6th March 
1923. 

Do, 

Do. (422) Seth Hasarilal . Do. . P. 1. 67 lat March 
1923. 

Do. 

Do. (422) Do. . Du. . P. t. 4 169 3rd January 
1923. 

Do. 

Do. (424) ]>o. . Do. . P. L, a 193 Do. . Do. 

Do. (t25) Sir JtlBoceBatdaii 
Daga. 

ManganeHP . P. L. 4 7 Do. Do. 

Do. (426) MesHrH B. Faujdar 
Bros. 

Do. P. 1. 66 22nd January 
1923. 

Do. 

Do. (427) Mr. Bakarani Singh Do. P. L. S 2n<l Marrh 
1923. 

Do. 

Do. (428) Do. . Du. p. r. 152 Do. . Do 

Do. (429) Hazi Zahiruddln . Coal . p. I.. 51 21st March 
1923. 

Du 

Do. (480) MesHTfi. fi. Faujdar 
Bros. 

Manganese . P. L 37 lUth February 
1923. 

Du 

Do. (481) Kai Sahib Mathura 
Praaad Motllal & Co 

CubI . M L. 540 3Td January 
1923 

30 jears. 

Do. (432) Ral Sahib Sunder 
Lai. 

Do. . M. L. 616 30tb January 
1923. 

Dn 

Do. (433) Sctii Laxmiciiand 
01 Bptul. 

Do. . M L. 83 24th Keliruary 
1923. 

Du 

Do. (434) Kai Sahib Seth 
Govardhandaa. 

Do. . M. L. 146 30th Novem¬ 
ber 1922. 

l»o 

Do. (435) Indian Maoeanesr 
Oo. 

Manganese . M.l. 20 14th Febru¬ 
ary 1923. 

Till 31st 
May 1U32. 

Do. (436) Kai Sahib A. P. 
Bbargava. 

Coal , P. L. 160 5th April 
1923. 

1 year 

Do. (487) Beth Hazarilul . Do. . P. L. 107 ?th June 1923 Du 

Do. (438) Mr. Hoomiohoni- 
mad. 

Do. . P. L. 133 16th April 
1923. 

Do 

Do. (430) Hon’bio Sir M. B. 
DadabhnI. 

Manganese . P. L. 41 0th May 1928 Do. 

Do. . (440) Messrs. B.Fanr.dar 
Didb. 

Do. P. L. 30 14th June 
1023. 

DC. 

Do. (441) Do. . Do. P.D. ■ S.*) 15th June 
1923. 

Do. 

Do. (442) Do. . Do. P. 1, 48 Do. . Do. 

V.L.ml-rotpe^ingLieenH. ti.L,mUitiUigLean. 
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CENTRAL PROVINCES^conid 

X63 

DiBlriot. Geanibb. Mineral. Matuio of 
grant. Area laaercs. 

Date ol 
coiuiueuce- 

iiicnt. 
Term. 

;i]hind«va(a (443) Messrs. M. D. Oostu Manganese . P. L. 140 : 28Ui Juno 1 year. 
<& Gouridutt Oaueshlal. 

1)0. (444) Do. . Do. P, L. 17 ( Iltli .May 1023 Do. 

Do. (445) Seth Ilazarllal . Do. P. L. 10 2,6th June 
1021, 

Do. 

Du. (440) Pandit Kirpa Shan- Coal . M. L. 120 ^ lOth May 1023 30 years. 

kor. 

Do. (447) Seth haxniii liand Do. . M. L. 08 41,li June 1023 Do. 

Do. (448) Ital Sahib Seth Do. . J[. L. 227 loth Apnl 
1023. 

• 

Do. 

Gowardhanda^. 

Do. (449) Pundit KIrjia Shan- Do. . .M. L. 383 20th Huy 102.1 Do. 

Jeer. 

Do. (460) Mr. Danshidhur Do. . M. L. 690 Mill Mil) 1023 Do. 

iiamaiwa)<. 1 

Do. (461) H)i]i Zahirmldiii . Do. 
1 

ML. 187 20th Mtt> 
102.1. 

1)0. 
1 1 
1 

Do. (462) Pandit Kcduriinth Do. , 1 P. L. 1 1211 1 7th July 1023 1 year. 

BhuTftava. 

r)u. (463) Mortsrs. Dannulal Do. P. L. 148 6th Jill) 1023 Do. 

ami olhoM. 1 

Do. (461) Mo'ihrs, Alxliil Do. . P. 1.. 329 sth Aiiuiibt 
1023. 

Do. 

Kadlr. Abdiil All and 
llrotlu'K. 

(456) liai SmIiiIi Seth Do. . P. L. 07 loth July 
1023 

Do. 

UovardhnndaM. 

Do. (466) Khan Sahib M. Alauganesc . P. L. 102 J7th 3 Illy 
1923. 

1)0. 

llasanji A- Sous. 
Do.' 

J>i. (467) .Messrs.Dhaniioolal Coal . P. \u 219 6th .1 111} l‘i23 

and othere. 
1 Do, 

Do. (13S) llai Salilb Mina- Do. PI. 820 8tli AiiyusI 
102. 

mill Mondial. 1 
i Do. 

Do (469) Atpssrs. Alvin 11 1)0, P. L I 149 1 .• d .Ini) 192, 
1 

Kadir Alxlul Ail. 

(460) .Mesm. M. D. t'ovt a Do. !■. h. 

1 

1 176 2Uth Ju y 102 8 Do. 
Do. 

and Gouridutt Gaiiosh- 
lal. 

P. L. 

1 
1 
1 

02 
1 

laih Sepbiu- 
l>ti 1023. 

Do. 
Do. (401) Euiuath Da-arku- Do 

Do. , 

nath. 

1 Do. . . P b. 

1 
1 

, 1 ■!!'’ 
I.'.fll tUBlld IVi. 

(402) Ohhedlial t'liaueihri 1923. 

Do. . V. 21 27Ui Si'iiteiil Do. 
(403) Messrs. I). Faiijdai r Manganese . lx 1 102.1. 

aiid Brothers. 
, Do, 

Do. (404) Seth Hazarila 1 Do. . P. L. 
121 li .Iiib 

1028. 
Rasas. J_ --- 

P. L. miProtpertiiiij Lkeme. M. J<- “-W* '"'y ‘ 
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CENTRAL PROVINCES-conid 

Dlvtriet. Gkantkk. Allopral. Katun* of 
grant. 

Area In avrea. 
Date of 

comnionn*' 
nient. 

Totiu. 

Obhia Iwsfn Hrth llaHirIlai 
3 (izus. 

Alanganoac . I'. L. 100 3t(I JuI) 1023 1 y.-ar. 

Do. . 4«ii) Mr A. V.Wuzrtl" 
^^ar. 

Do. P. L. ao 6th Kcj)tpm- 
l)rr]fl23. 

Do 

Do. (4')7) Mobbd.M D.Costn 
nrd (Joorl Dntt (innosli 

IXi. P. 1-. 7 12th Septrni" 
Ikt 102:}. 

Do 

]>0. . (4(.8) Do. . .. P. I,. 4(1 Do. Do 

])0. . (4(10) IX). . IX). P. L. .■p2 Do. . Do. 

Do. . (47(1) SliHW Wnl- 
laci' iV' Co. • 

(!oa'. . M. L. :) litth .Inly 
1023. 

30 veaTb 

2)0. i471) Jtal Hahib A. 1’. 
^ JilmT)(uo. 

1>0. . AI. 1.. lit 11th AiiKuat 
11)2:1. 

Do. 

IX). . (47U) Ual .Sahib Matiui- 
Ta])roiHil, Moli J.o) it Co. 

IX). . AI. T.. It 3(lth Aiigiiat 
11)23. 

Do. 

Do. , (17;)) Seth llnzaTiinal 
fiazAZ. 

IX). . P. L. 05 4(h (X’lobar 
11)23. 

1 year. 

Do. . (474) Do. . MaiiKaui'Hf P. li. 11 :«)th Ko\r)n- 
iK-t 11)23. 

JX) 

Do. . (17.>) IX). . Do. P. L. (lO 4th Octohrr 
1023. 

Do 

Do. . (47(1) Al(«>.rs. AIkIhI 
Ka)lcr Alaliillull mill 
Rroi. 

Do. r. L. ;ii 22u(l TX'i'ciii* 
Ur 11)2:1. 

Do. 

Do. (177) I'nti'l Jii'xhoraiii . Coal . P. L. 118 2Hth NoM'ni- 
Ur 1023. 

Do. 

Do. . (47W Do. IX). r. L. 174 Do. Do. 

Do. . (47U) Seth llazarinial 
Unzaz. 

ManKanpM' . P. L. lit IDth DiTi'iu- 
b(>r 192:1. 

Do. 

Do. . (480) Air. K. DazoJ . Coal . AI. L. 1107 17th Si'iitcm- 
her 1923. 

30 yoar'i. 

Do. (481) .''llrikh Khahabiid* 
dill A Nona. 

Do. . M. L. 75 20th October 
1923. 

16 ycai'-. 

Do. . 

llo'^liahKoXatl 

(402) Iiiiliaii Aruigtuicai' 
Cu. 

(48:t) Seth llazaiilal 

AlanijaiiPHC , , 

Coal . , , 

AI. L. 

P. L. 

18 

aoo 

lat Kovpiiibcr 
ber 1923. 

5th July 102:1 

Will ex¬ 
pire allli 
the lain- 
Ing If aw 
dated 
18th 
Ko^eiii- 
Ur 1914 
to nbii'i* 
It la aup 
phiiiicii- 
tary. 
1 year. 

Do. . (181) I’aiulR Alrltyunjttl 
Praxad SuU'ilar. 

Do. . P. Ti. 150 Otti Juno 1923 Do. 

— 

V. L. - VoripecHug Litmu, M. L. •‘Miniw Itatt, 
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I 

IH'ftrii'* 1 Uraktbk. MilUTUl, Naliiii 
grind 

pf , 
.tri'ii in nru". 

Didr of 
lolliliii iiic 1 

MU Ilf ^ 
_1 

'll rm 

— i 1 
llwhaMubad (485) llri rtahrl) Srth 

JuKalkiHhor(‘. 
Coal . . . 1 l>. L. . 292 91h 'iil> l!»2:i 1 

1 
1 ye-ir. 

Do. ■ 1 
1 

(480) Do. . Do. . 1’. L. 241 2Htli .lid\ 
1U‘>1 

Do. 

1 
Ihi. • 1 

1 1 

(487) BpI SnJill) A 1’. IKp. . JV T. . ' 395 1 dh Di’ip'iip- Do. 
KharcaAp. 

1 
Ipp I 192 ! 

Do. . j [488) Dobipnixad Jlt-nla Do. . J'. 1. 1(1.5 IDtIi Ilip'p'iPi- Do. 
Ik'I 1021 

1 
Jiil'biilporc. (481») Tata Kloctro Clu- 

iiilcalM, J.td. 
liaiixite P. 1,. . 1 D!9 

1 
2 (til Mniili 

102,! 
1 jear. 

Do (490) Do. . Do. P. h. . 1 29» 2.'itli .Itiiiuai} 
102.1 

Do. 

Do . (491) Do. . Do. P. L . j 297 Do. . Do. 

Do (492) .Mr. D. 11. Cook . t’oal . P L. . 1 676 

1 

71 li M.inh 
192.1. 

Do 

Do. . (499) Mr. OcorKC For- Dauxitu P. L. 215 25lh .lamiui> 
192.1. 

Do. 

/ rmtiT. 

Dip . (494) Kal Sahili JtiKal- Coal . P. 1,. 499 Otii Jamiiirv 
192,1 

Ihl. 

klahorc. 1 

Do. . (405) .Mr. Tliakitr I’raisail Do. P. L. , 22U 12tU Jaiiuur) 
1021. r J'- 

Awonthi. 1 

Do . (19fi) Do. . Do. P. L. . 1 219 Dll. . 1 Ikt 
1 

Dip. . (497) Mr. Vonkat Kaiii- Do. 51. 1- 3C 27tli Pi'liiiiiuj JO jean. 
iii-p.i 1 

aniia. 1 

Du, . (498) Olypliorts. Paints A Mancanc'e, ctp|)|pui, 
gold and sIImst. 

P. L. . 1 1,990 7t|i Mail li 
1'i2,l. 

1 1 M Ml 

I’roductH, lAil. 1 1 

Do. . (499) Tata Kloctio C'hv Duu\iti P. L. . ' (I9.J Killi lord 
t 1 

Dll. 
1 

niicaN, Ld. 1 
1 

Do. . (500) Do. . Do. P. L. 397 1)0. . ' Do. 

Do. . (601) Mr. Vonkat llaui- Dip. M. L. • 1 ■' 

Util Muj 1029 .19 jouta. 

' anna. 1 1 

Do. . (.502) The Klcotro Chi- Do. P. L. 198 "111 MlilUJl 
lier 1029. 

1 year. 

inirolH Ld. 

Do. . (503) Do. . Do. J'. L. 58 1 I'llli 8i'|i(i‘m 
1 Uui 1929. 

Do. 

1 

Do. . (604) Do. . 1)0. P.L. . 1 24 Do. Do. 
1 

Du. . (695) Mr. Kaahl Ptuaad Do. M. L 1 m\i April *iu yciiiH. 
1 \VA.\. ' 

I’ande. i 

Do. . {60«) Mr. Voiikal Ham- Do. M. L. •1 
i 28111 July 1 Do. 
1 1921. 

anua. 1 1 1 

Do. (607) Tata Eloctro Clie- Do. P. L. . 1 177 ' 12th October 1 joar. 
1 192.1. 1 

nilcals, Ld. 1 

Do. . (608) Do. . Do. . . |..L. . 1 147 j Do. Do. 

P.L.. ‘‘Pfotpcdixtl Liemui. M.L.= Miniiiffitaie. 
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DUMrt. osANm. Mineral 

Jobbulpore. (609) Tata Electro Che¬ 
micals, 14. 

Bauxite 

Nagpur (610) lUi Sahib doth 
Naraindas. 

Manganese 

Do. (611) Do. . Do. 

Do. (612) The Central India 
Mining Co., Ld. 

Do. 

Do. (613) Kai Rahil) Kam- 
ktlsbua Puri Oosai. 

Do. 

Do. (514) Lain Jainarayan 
Molioulal. 

Do. 

Do. (. (615) Messrs. N. D. Zul 
and Brother^. 

Do. 

Do. (616) Mr. Shainji Nafay- 
anjeo. 

Do. 

Do. (617) Do. . Do. 

Do. (618) Do. . Do. 

Do. (519) Si'th Earoidass 
Chogmal. 

Do. 

Do. (520) Seth Meghraj (lol* 
cha. 

Do. 

Do. (521) Lain Jainarayan 
Molianlal. 

Do. 

Do. (522) Messrs. Manwaali 
Turnbll and Motilul. 

Do, 

Do. (323) Do. . Do. 

Do. (524) Mr Uanpat Dao 
Laxmau. 

Do. 

Do. (575) Mr. Earsaiiji 
Vollanji. 

Do. 

Do. (520) Messrs. K It. I’aUe 
and Dubo. 

Do. 

Do. (627) Do. . Do. 

Do. (528) Do. . Do. 

Do. (529) Mr. Khnrani Seth Coal . 

Do. (530) Messrs. Itamprasad 
and Laxiiilnarayan 

Manganese 

Do. (531) Do. . Do. 

D>. (532) Uai Sahib Itnm- 
krishna Purl. 

Do. 

1 

Nature ol 
grant. Area in aoni. 

Date of 
eommeaee- 

ment. 
Term. 

F. L. • 423 20th Novem- 
bel 1023. 

1 year 

P. L. • 72 2nd January 
1823. 

Do. 

F. L. • 06 Do. Do. 

P. L. • 
1 
1 

26 lat Pobraary 
1023. 

Do 

F. L. * 663 16th March 
1923. 

l)n 

P. L. • 30 6th January 
1923. 

J)u 

P. L. » 104 ind Jantiaty 
1023. 

Do 

P. L. • 51 11th May 1023 Do 

P. L. I 07 Do. [lo 

M. L. f 12 8th May 1023 5 VI 

P. L. * 148 30th April 
1023. 

1 ^ut 

P. L. 106 26th April 
1023. 

IJO 

P. L. 44 11th Jun<' 
1023. 

Do 

P. L. 27 12th May l«2:i 1)0. 

P. L. • 01 27tli June 
1923. 

Do 

r 1,. 122 7th Heplcni- 
her 102.1. 

Do 

P. L. 16 3Td August 
1923. 

Do 

P. L. 116 11th Scptciii 
bci 1023. 

Du 

P. L. 127 12th Septem¬ 
ber 1023. 

Do 

P. L. 107 llth Septoiii- 
bot 1023. 

D' 

I 

P. L. 

P. L. • 

3J4 

106 

15th August 
1923. 

3fith August 
1023. 

Do 

Du 

P. L. * 177 23th July 
1023. 

Do. 

P. L. 124 8rd August 
1023. 

1)0 

P. L. ai Protpeeting Liwnte. M. L. <mMiiitng Lettu. 
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CENTRAL PROVINCES^corUtl. 

Diblrict. ORARTKE. Mineral. Niiturc ot 
grant. An-a in acres. | 

Dale ot 
roniinencL- 

nienl. 
Term. 

N»gpur . (638) Eftt Sahib Earn* 
krahau Puri. 

Manganesu . 1*. L. 7 3rd August 1 year' 

P. ].. 
1 1023. 

Do. 
Do {m) »o. . Do. 35 7tli Septein- 

ber 1023. 

Do. (585) Do. . Do. I*. 1.. 45 Do. . Do. 

Do. (636) MeMCT. Manwarall 
Xutabali and Mutual. 

Do. P. 1,. 3» Angus! Do. 
1023. 

Do. (537) Do. . 1)0. P. L. 37 2Bt Suptem- 
b)«rll)23. 1 

Do. 

Du. (638) Do. . Bo. 1‘ I, 31) 7th Septeiu- 
lH'rl023. 

Do. 

Do. (6HB) Solh Banaldhar Do. P. L. m 17th Septeni- 
j bet 1023. , 

Do. 

BamniwBP. 

Do (540) Mossta. Ralnath Do. P. 1.. 72 1 81 h August 
1 l»2,i. 

Do. 

and Bw'arkanHth. 

Do (541) Mr. A. K. Tinch . Bo. P. J.. 134 1 17tli Septein- 
1 Ix't 1023. 

Do. 

Do. (042) Do. . Do. . P. L. 110 1 • 
Do. 

Do. (543) Do. . 1)0. P. L. 270 Do . 
1 

Do. 

Ih) • (.544) Mr. S. Aminmlillii J>0. P. J,. . 130 21it Septim- 
liir 1923 

Do. 

D( (545) llai Snhaib D. relBjiar P. L. 68 3Uth .August 
, 1923. 

Do. 

loxnii Natayan. 

Do (540) Eai Sahib liain- Mongaiie.si. . P. 1.. 77 21th OcloUr 
1023. 

Do. 

krlshna Puri. 

Do. (547) Do. . Bo. P L. 116 j Do. Do. 

Do. (548) Do. . Do. P I. 15 Ord Df'coni- 
, ber 1023. 

Du. 

Do. (549) Do. . Bo. P. T.. .(2 Du. . Do. 

Do. (.560) Dt). . Bo. P. ].. ,35 2411) October 
, 1')2.i. 

Do. 

1 . 

Do. P. L. 1.50 2()tli No'eni- %o. 
Do. (551) Pandit Kewa^lian- 1 l«'i 1923. 

kar. 

Bo. P. L. 20*1 17th jNom'IIi- Do. 
Do, (552) Messta. Abdul her 1923. 

Do. 

Kadir, Abdul Ali and 
Bros. 

Do. r. L. 90 Kith Decern- Do, 
(058) The Indian Man¬ 

ganese Co. 
tier 192'i. 

2Jtli Oetobur JK). 
i Do. P. L. 1)15 

(554) Seth Kamidan Do. 192,!. 

Do. . 

Chhogmal. 

P. L. 
U Util Deeeiii- Do. 

(564) Do. . Do. bei 1923. 
Do. 

Do. P. L. 75 20th Dctolifl 
(550) Bon'ble Sir M. B. Do. , 1923. 

Dadabhoy. 
_ __ . ' — -- 

P. L. mProtpecting Lieenu. M. L. •‘‘Mining itaw. 
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CENTRAL PROVINCES-cawcW. 

UiRtIct. (JRAFTKK. Mineral. Naliin.- of 
Brant. Area In acres. 

Date of 
ooroinence* 

meut. 
Trim 

KaKpiir (.'i.'t?) Set!) lluuHldliur 
Itiiiiiiilwnh. 

Alnnanin-«(‘ . 1*. I. 2U 10th Novem¬ 
ber 1023. 

1 Var 

Do. , (.'If.S) hctli .MvaliniJ (Jol- 
I'ho. 

IN). P. L. 60 22nd OctolaT 
192.1. 

Do 

Do. . (.1511) IV) . JV). P. L. 127 Do. . D. 

Do. . (5511) IV>. . IH). J*. I. 40 2«th October 
1923. 

1)0 

Do. . (5tH) Messrs Uftjnatli 
H)i<l Dwarkanath. 

IN). P J.. H Do. . D(i 

IN). . (5«!i) Do. . IN). 1*. 1,. no loth nuccni- 
Ix-i 1923. 

Do 

Do. (55:1) Ht'th J.axiiii* 
narajan Hardro 

1)0. P. 1. 44 Old Deer III- 
INT 192:t. 

Do 

Do. . (504) Do. . Do. P. L. 1.311 2711) Novtm- 
laT 1923. 

Df) 

Do. . (505) Kypd iliOsiil 
11) b. 

1)0. P J.. on 26tll Octohci 
1023. 

1)0 

Do. . (505) Ml. M. A. Duzaq . Do. P. L. fi07 loth NoM'tn- 
lK'rli)23. 

Do 

Do. . (507) Mpssik. Kaiiikrialiua 
Kttiiiuatli (V Co. 

IN). P L 181 JOlli iNjroni- 
lK'rl923. 

Do 

NanlnRlipiir (500) -Mt. 0. Slunk-y 
]1 arris. 

Copiar M. L. 222 20th June 
1923. 

Do 

Sauiior (500) Lnia J’raguurayaii. lion, iron pyrileg, 
Snliihataof iron, 
Hulpliur and 
C0|l]H'l. 

P. J.. 1,554 nth hcpleiii- 
1)t-r 1928. 

Do. 

I'putmal (570) Moasrs. 1*. 11 I’alol 
# Co,, Bonibaj. 

Coal . ]'. L. 417 10th Peliru- 
ary 1923. 

Uo 

Do. . (571) Do. . Do. P. L. 68U Do. . 1)0 

m 
MADRAS. 

Ancary 

Dhibiou. 
Do. 

(572) Mcsari. Ik-st & Co. 

(670) Do. 

Coal . 

Do. 

V. L. 

P. L. 

40,320 

5,2HU 

2(ith April 
1023. 

nth April 
1023. 

1 VI ar. 

Do 

AnantRi>ui. (574) A. Ukusi', llaq llarytes M. L. 18302 2ud October 
1022. 

31) ycaB 

Do. (575) Jaiiiil) Kalil SaUlh 
Dahador. 

Mb'ii . . . P, Ji. 11205 flUi April 
1923. 

1 yoai 

Do. (670) Mr. II. P. Hi'sba 
KeddI Oaru. 

llaryto'' P. L. 2-20 1>0. 1)0. 

Do. (677) Do. Hlfotltp ]’. L. 2T-06 Do. 1)0 

r.L.‘•ProipediitgLieeti$e. M-Leaie, 
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MADRAS -conid. 

Uisdict- 
GRANTKB. Mineral. 

1 
Natiini of 1 

Kraut. trea In ncrea 
Dale of 

eoninieiiee- 
nieiit. 1 

Term. 

Anttnt»l*»r 
(fiTS) Superintend e ti t, 

Nortli Aniiutttimr Cold 
Oolil . 

1 

1*. L. . i 1.7«0 .52 21st July lyiiH 1 yottr, 

1 
MincH, Ltd. i 

1 

|h). ifiTUi M. K. »y. 15. !’• Steatite , . { Al. L. 27-0(1 Isl NiiMMiiln'r 30 yearn. 
Sealia Ituddl of Jlctlwm- 
rherltt. 

WZW. 1 
1 

I'i'llaij (r.flO) A. richayya Nay- 
ndu. 

ManRatiexe . P. L. 
(renewal) 

(Mil 15tli ('etcher 
1022. 

year. 

Jki ' (581) A. Piehnyya Nayu- 
1 dll and a. 0. Narii- 

Do. P. L 
(i'c‘iu'wal) 

■1.50 0th AiiKiist 1 

1022. 
Do. 

1 slinliacluiri. 1 

1X1 1 (.>82) K. llamelmiidni, Clay . M 1.. .52 78 30lh .tune 
1023. „ 

5 year*. 

1 Kmd liar.-Ht Law. 

Ho (.583) 1)0. Kaolin and other P. ], 200 1 Do. 1 1 year. 
eheiuieal earth'>. 1 

ho (r.H4) M. It. Py. Pltrlilyo Maniianese . . | M. L. 1 ,.557 20 22iid AiiKUnt 
1023. 1 

30 jear-i. 

Is'ayiidu. 

lx> (r.8.5) M. K. Ity- Patel 1)0. P L. 35 85 ‘Jidli 
lift 

1 year. 

Pattii lloauppa. 

IXl (fiHfl) M. It Ry. Pitelilya 1)0. M 1.. 00) 18th |a*ei-iii- 1 
Im-i 102.1 1 

3(( years, 

1 NkmiiDi tiarii . 

Do 1 
I (,fi87) Mr. K. Abdul Hye Do. P. 1. 4(l-30 201 ll NoVeio- 

b>l 1023. 
1 year 

Cuililaiiuti . 1 
1 

(588) A. Olioxe, Ksq. Ilarytes P J, 127 58 01 h .lone 
1023 

Do. 

Do. 

1 

(580) Al. It. Ity. It. t'ljn- Itaryieh and A-- P 1.. .57 2)i 1 loth Deeeiii- 
In-l 1023 

Di. 

1 iinutalu Jtedili liurii. Ih‘h(<im, 

Kaiiiool (.500) .M. It. Ky. It A. I’.aiyteH P 1. 2 07 201 h .Inne 
102.1 

|X>. 

1 .Hashi iieddi lliirii. 

Do 
i 

(.501) 1)0. 1)0. P L. 0 11.1. Do. 

Do (502) I)o. Do. P. 1.. 1.1 70 Do. 18). 

Do (.503) 1)0. Ih.. Al 1. 3 21 Do. 30 years 

J*u (.501) M. H Hy. 1). P. Manganese . P 1.. 1 40 7tll \iiKiist 
1021 

1 1 yeai. 

Kesha lleddl ot Delb- 
anu-herla. 

1 

^ 30 yean 
IXi. (505) TH). Steatite M. b. 00 4 Do. 

Miilnliiir (590) Afr W. H. Perry . Oold . i>. L. 80 20th Junu 
1023 

1 year. 

1 

Nciloii' 1 (507) K. C. NaraaliriB- Miea . P. L. 112.51 11th 'anuary 
1023. 

, Ik). 

1 rhari. 1 
1 Do. 

Do. 
1 

(608) Mr. T. (’, Danda 1)0. P. L. H.82 2nd Doeeiu- 
Lcr 1022. 

yiittiaiu Plllai. 1 
, 1V>. 

Do. Do. P. L. 13.38 .5th Delolier 
(590) Mr. K. Py Kail 1023. 1 

Oiiotty V«nkn lii-ddlo 
Manipur. 

1 
1 

}*. li. ’mProtpeeting License. M. L. -If 
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District. URANTBSS. Mineral. 1 
Nature of 

grant. Area in acres. 
Date of 

cominanoei 
meat. 

Tenn, 

Kdlore (600) M. n lly. S. V. 
Snbba Kcddl Uaru. 

Mira . 
1 

M L. 192.30 6tb OCtObtt 
1928. 

80 jure 

Kllglrts . (601) Mr. A. H. Gaston Do. 66.57 14th June 
1022. I 

1 M'at 

Do. . i (002) Do. Do. 02 S4 12th Pebru- 
ary 1923. 

Do. 

Do. (608) Do. Do. 66,67 14th June 
1023. 

Du 

Do. (004) Do. Do. r. L. 

1 
303 00 18th Drrera- 1 

ber 1923. 
To 

fluleni (000) K, Alagappa Muda> 
liyar 1 

Conindnm . P L 14R08 17tli Febru¬ 
ary 1923. 

1)(. 

Do, *. (606) (’ Middit'tnn ' Magm hitr 1’ I. 1 60 7« Do. Du 

Do. (607) Captain K K, 
Dlckenb 

P T, 140 flrti Drcrm- 
Iwr 162.1 

Du 

NORTH-WEST FRONTIER PROVINCE. 

Kohat 

1 

(008) Edwin .lohn Ihcr, 
Esq 

.Ml other minrials 
oMept oil I e , 
pri (lous “itoDc, 
golit and orf**, 
particii 1 u 1 1 V 
htanlluiii and 
bulphiir 

1* L . 640 29(h June 
1923 

Dora Tsinail 
Khan. 1 1 

1 
1 

(600) Mussrs (Jrnh.ini A 
(0 , Calriittn, through 
Mr G E. Stall 

All tniiiornU in- 
rluding iniiieral 
oil 

E L. . 1 liL ana is 
COM red 
circle of 20 

1 . lIlllCH ludl- 
1 us, the cen- 
1 ire being 

Moghul Kot. 
1 Shcrani 

country. 

Bth Doccm- 
1923. 

PUNJAB. 

Jhelum (010) .Taoiada Fateh All 
Klian. 

Coal 1 P L. 
1 

13 10th January 
1928 

1 

Do. 1 (611) Do. Do. ' r L. 16 Do. 1)0. 

Do. (012) L. ChunI Lai 
Kapur. 

Do. r. L. 82 15th January 
1923, 

D>. 

Do. (613) B S. Xhakur Das 
JianijidaB. 

Do. 
1 1 

P. L. 73.28 IDtIi Marsh 
1923. 

I)». 

Do. (014) Do. 
1 

Do. |p.L. . 30.92 Do, D). 

I*. L.’^PrositKiutgLieetiae. ii.L,^MiningLeaie, 
S, L,«>l!,xplortag Llceme, 
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PUNJAB—cowiJ. 

Di‘trict. QR&tmes. Minerol Nature of 
graut .Ana inneri's 

Date of 
coniint iiec- | 

iiiont 1 
lerm 

1 

Ihilum (015) L. Ishar Pae Ka¬ 
pur. 

Coal 
1 

• 1 P 1 111 161h March 
1928 

1 year 

Do (816) Messrs Whitehall 
Petroleum Corpora¬ 
tion Ltd 

Oil ■ P 1 »34 40 lOfli Apiil 
1923 

j Do. 

Ih) (617) Do. Do PI l-,784 j Do. Do. 

Do (018) L. Churaujit Lai of 
W'ahali. 

Coal • P L 442 148 4th Maj 1923 Do. 

1 
1)0 (810) Pandit Gian Chand Do ‘ P L 117.Z0 5th .lunt 

1921 
Do. 

Do (620) 1)0 Do ■ M J 364 Do. 30 >eajK 

1)0 (621) L Chum Lai 
Kapur 

Do ■ P 1 311 Do. 1 ' 1 jear 

Do (C22) Do Do • P 1 180 44 1st Sniteni- 
b<T 1'I21 

Do. 

Do (023) Punjab Coal Sj'n- 
dicafo 

Do P ] 1 441 5 
1 

22)id Oitohei 
1'I2I 

Do. 
1 

Do (024) It G Tugwood . Oil • P T 3,200 12lli ho\eiii- 
hi I 192 3 

Do. 

P L,-‘FrvtpccliHff Licniie MT ^Mviuiq J Kitr 

SUMMABY. 

PEOIINCI 1 \ploniiK 
Lkcum 

t'rohpatiiie 
Liciiiv( 1 

Minini: Icasr 
lididolinth 

I’roMni 1 

I'On ....... 12 1 1 ' 

•"id 7 7 

liilur .md OriHaa. 2 LO 2.1 

liiiiil)a>. 2 1 3 

l*»Tnia , 
* • 24 3 39 282 

• "ilril I’lovlnoes . . , . 204 40 2t4 

Madias 2S ^ h 8(> 

Ndrth vtrst Frontier Province . . . 1 1 
■> 

I'uiijih. 
•• 14 1 15 

Litivlof (a,), jtind and ifrand total for 1623 . 1 513 no (>2I 

Total for 1622 502 110 672 
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CLASSIFICATION OF LICENSES AND LEASES. 

Table 39.- Pros'pecting Licenses and Mining Leases granted in Assam 
daring the year 1923. 

1923. 

Distiict. 
— — — — 

1 

No. 
Aioa in 

an PS. 
Mineral. 

Prospecting Licenses. 
Cachar . • • • 2 2.94.’» hO Miiieuil oil. 
(Jarcd Hills • • » 7 13.440 ('oui 
Lnkhiinpur . • • • 

Total . I 
1 

3 

12 

12,90S Miiu'ial oil 

Mining Lease. 
Lakhiiiiimi .... 1 100 Oil 

Totai 1 

1 
1 
1 
1 

Table 40.- Prospecting Licenses gcarried in Bengal during 1923. 

1923. 

DiSl BIOT. 

No. 
Aroa in 
aoroH, 

Ulinoral 

Prospecting License. 
Chittagong Hill Tracts 7 7:1,370 24 Mintral nil. 
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Table 41.—Prospeding Licenses and Mining Leases granted in Bihar 
and Orissa during 1923. 

1923. 

District. I i . 

Prospecting Licenses. 
Bambaijmr .... 
Do. 

1 
1 

114-2H 
95-2 

Mioa. 
All nuiieials 

Total »» 
• 

llaKanba^h .... 

Mining Leases. 
1 2 1 9.70 M iia. 

Sainbalpur .... 1 1 57-SO Dm. 

Santal Parganas 42 S Coal. 

Singhbhum .... 1 Manganese. 

Do. 2 1,130 ('In Mill lie 

Total 20 

Table 42.— Prospecting Licenses and Mining Leases granted in Hoinhig 

during 1923. 

Prospecting Licenses. 
Sukkur . ... 1 21 32.7C5-3S I Mineral nil. 

Mining Lease. 
1 I 320 Belgaum 

Maiifjfinesc ore 
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Table 43.—Prospeding Licenses and Mining Leases granted in Burma 
during 1923. 

DisT&rcT. 

1023. 

M ineral. 

Prospecting Licenses. 

Akyab. 4 18,980 Mineral oil. 
Amherst .... 3 16,000 Do. 

Do. .... 5 3,070 All minerals (except oil). 
Do. .... 2 35,62240 Oil shale. 
Do. .... 1 15,520 Mineral oil and oil shale. 
Bhamo. 

a 
1 3,328 All minerals (except 

mineral oil and jade). 
Heozada .... 1 640 Mineral oil. 

Do. .... 1 4,640 Coal. 
Katha. 4 2,202 AU minerals (except oil). 
Lower Chindwin 8 45,896'60 Mineral oil. 
Magwe. 33 50,186-30 Do. 
Mandalay .... 1 2,660 All min^als (except oil). 
Mergui. 8 7,280-16 Tin and allied minerals. 

Do. ..... 12 12,822-26 Tin. 
Do. 1 640 Cassiterite and gold. 
Do. 1 1,120 Wolfram, tin and allied 

minerals. 
Do. 7 12,836-84 All minerals (except oil). 
Do. ..... 2 6,277-12 Mineral oil and coal. 
Do. 1 2,201-80 Coal. 
Minbu. 17 24,977-65 

9,920 
Mineral oil. 

Do. 2 All minerals including 
mineral oil. 

Do. 1 220 Coal and mineral oil. 
Myingyan .... 7 22,138-40 Mineral oil. 
Nunhern Shan States 4 1,.570 Iron. 

Do. 2 6,120 All minerals (except oil). 
Pakokku .... 15 26,631-2 Mineral oil. 
Prorae. 7 19,704-32 Do. 

Do. .... 2 7.001-60 All minerals except amber 
and jadeite. 

Shwebo .... C 47,635-20 Mineral oil. 
Do. 1 1,920 All minerals (except oil). 
Do. 1 1,920 Coal. 

Southern Shan States 8 26,012-97 All minerals (exceptoil). 
Do. 1 40 Lead. 
Do. 2 6,080 Gold, copper, etc. 

Tavoy . . . . 10 4,302-60 Tin end wolfram. 
Do. 6 3,548-10 All minerals except oil. 
Do. 6 2,829 Tin and allied minerals 
Do. . . . . 3 6,120 Tin and other minerals. 
Do. 

Carried over 
2 

198 
166-6 

• e 

Tin. 
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TabL£ iZ.-^Proapeetmg Licenses and Mming Leases granted in Burma 
during 1923--co!itd. 

District, 

1923. 

No. 

m 

Area in 
acres. Mineral. 

Prospecting Licenses— 

Brought forward 198 
Tharrawaddy 1 (i40 Mineral oil. 
Thaton ..... 1 605-6 Tin. 
Thayetmyo .... 31 127,279-12 Mineral oil. 
Upper Chindwin 0 25,894-40 Do. • 

Do. ... 3 12,672 Mineral oil and coal. 
Do. 3 14,106-6 Coal. 

Total 243 ■ t 

Mining Leases. 

Amherst .... 3 1,881-60 Tin Ore. 
Bhamo. j 3,232-62 All minerals (except oil 

and precious stones). 
Henzada .... 1 236-8 Iron pyrite. 
Katfaa . .... 1 1,820 Graphite. 
Magwe ..... 1 640 Mineral oil. 
Mergui ..... 11 5,276-56 Tin. 
Do. 2 6,416-30 All minerals (except oil). 
Do. 2 931-84 Tin and allied minerals. 
Do. ..... 1 1,418-24 Tin and Wolfram. 

Minbu ..... 3 1,828 Mineral oil. 
Northern Shan States 2 640 Iron. 
Prome. 1 409-00 Mineral oil. 
Tavoy . 4 1,762-90 Tin and Wolfram. 
Do. 2 644-41 All minerals except oil. 
Do. ..... 1 817-53 Tin and allied minerals. 
Do. ..... 1 657 Wolfram, tin and allied 

minerals. 
Thayetmyo .... 2 040 Mineral oil. 

Total 89 • • 

y2 
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Table H.—Prospecting Licenses and Mining Imses granted in the 
Central Provinces during 1923. 

Distbtot. 

1923. 

No. Area in 
acreg. Mineral. 

Prospecting Licenses. 

Balaghat . . . 32 2,823 Manganese. 
Do. .... 2 82 Mica. 

Betul. 15 5,010 Coal. 
Do. .... 1 92 Iron and ferric oxide. 

Bhllndara .... 10 1,862 Manganese. 
Bilaspur .... 3 10,408 Coal. 
Chanda .... 6 5,022 Do. 
Chhindwara .... .31 2,444 Manganese. 

Do. 15 2,088 (k>al. 
Hoshangabad C 1,557 Do. 
Jubbulpore .... 12 3,394 Bauxite. 
Do. 4 1,.507 Coal. 
Do. 1 1,900 Manganese, copper, gold 

and silver. 
Nagpnr .... 55 0,246 Manganese. 
Do. 1 3.34 Coal. 
Do. 1 58 Felspar. 

Bangor . 1 1,554 Iron, iron pyrites, sulphate 
of iron, sulphur and 
copper. 

Yeotmal .... 2 997 Coal. 

Total 204 • • 

« 

Mining Leases. 
Balaghat .... 14 918 Manganese. 
Bhandara .... 2 39 Do. 
Chanda .... 1 278 Coal. 
Chhindwara .... 15 3,32.3 Do. 
Do. 2 39 Manganese. 

Jobbulporo .... 3 27 Bauxite. 
Do. 1 30 Coal. 

Nagpur .... 1 12 Manganese. 
Narsinghpur 1 222 Copper. 

Total 40 • » 
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Table 45;; Prospecting Licenses and Mining Leases granted in Madras 
during 1923. 

1923. 

Distbiot. 

No. Area in 
aores. Mineral 

Prospecting Licenses. 
Agency Division 2 45,WO (.'oal. 
Anantapur • « • 1 11205 Mien. * 

Do. « • » 1 2'2« Barytes. 
Do. • • 1 27lMi Hteatite. 
Do. • 1 l,7(i9-52 (liold. 

Bellary . • 4 1,133-15 Manganese. 
Do. • 1 200-1 Kaolin and other chemical 

earths. 
Cuddapah • 1 127-58 liarytes. 

Do. 1 f)7-20 Barytes and asbeslos. 
Kumool • .3 25-30 Barytes. 

Do. • 1 48 Manganese. 
Malabar • • 1 SO (lolrl. 
Nrllore « • 3 134 71 Mira. 
Nilgiha • 4 479-88 Do. 
8aloni . ] 148-08 Corundum 

Do. . « ] 50-79 Magnesite. 
Do. • 1 140 Emery. 

Total • 28 

Mining Leases. 
Anantapur 

Do. 
1 
1 

1 183-92 
27-98 

Barytea. 
Hteatite. 

Bellary 1 .52-78 Clay. 
Do. 2 2,158-20 Manganese. 

Kumool 1 3-21 Barytes. 
Do. 1 CO-4 (Steatite.. 

Nellore , • • 1 162-30 Mica. 

Total 8 
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TabiiS AQ.-~-Prospecting and Expiring Licenses grarUed in North- West 
Frontier Province during 1923. 

Distsiot. 

1923. 

No. Area in 
acres. 

Mineral. 

Pr 
]£oh&ti • • ■ • * 

1 

ospecting 
1 

License. 
640 

1 

All other minerals except 
oil, i.e., precious stone 
gold and ores, parti* 
cularly stanlium and 
sulphur. 

[ 
Dera Ismail Khan . 

Exploring 
1 

License. 
The area is 

covered by 
circle of 20 
miles 
radius, the 
centre 
being Mog- 
h a 1 kot 
Sheran i 

j country. 

1 All Alinerals including 
mineral oil. 

Table ^1.-—Prospering Licenses and Mining Leases granted in the 
Punjab during 1923. 

District. 

1 

1923. 

! 

No. Area in 
acres. Mineral. 

Pn 
Jhelom. 

Do» • • • « 

Total 

ospecting Licenses. 
11 ; 2,734 
3 1 6,918 1 

Coal. 
Oil. 

14 

Jbelom .... 

Mining L 
1 

ease. 
364 Coal. 
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The Soda-Bearing Rocks of Kishengarh, Rajputana, 

By a. M. Heron, D.Sc., F.G.S., Officiating Superin¬ 
tendent, Geological Survey of India. (With Plates 
2 to 12.)* 

INTRODUCTION. 

The interesting eleeolite and sodalite bearing rocks of Kishengarh 
were first known from specimens sent to the Geological Survey 

of India by llao Bahadur Syam Sunder Lall, C.I.E., Diwan of 
Kishengarh State, and a short notij on them was contributed by 
the late Mr. E. Vredenburg.^ Mr. Vredenburg draws attention to 
the colour change of the elfeolite-sodalite-pegmatite as follows ;— 

“ Moreover some of the socialite exhibits an cxlrdordinary phenomenon 
hitherto unrecorded in any mineral. While sonu* of the specinieiis ar • of a bright 
blue colour similar to that of the mineral fioin many other localities, others 
appear under ordinary eonditiuns transparent and eoloiiiless. But some of these 
oolourluBs fragments when kept in the dark for a foitnight or three weeks assume 
a pink colour which disappears rapidly on oxpo'jure to bright daylight, and 
almost instantaneously in diri*et sunshine. 

The phenomenon is particularly brilliant wJien the roik is first hioken in the 
field, and the largo bloek.s of eheolitc (some of whieb die ovei a yard wide) appeal, 
on fracture, as if suffused with blood. The coloui seems to le-appea. more com* 
pletely in some specimens than in others, for while the disappeartnee of the 
colour is very rapid, its re-appoaranoc, uhieh (onstitutes the most remarkable 
feature of the change, is very slow. The pieeise nature and eaiiso of this 
peculiar phenomenon arc at present unknown Tlie following anulj'sis gives 
the percentage composition of a specimen of the blue sodalite : — 

Loss on ignition. 
SiO, (Silica).38'056 
AI,0| (Alumina). - • 31*30 
FejOs (Iron sesquioxide) . . .* . . • • trace. 
OaO (Lime). 
Na,0 (Soda).24*77 
SOg (Sulphur trioxide) ..trace. 
Cl (Chlorine) . .. 

Less oxygen equivalent of ohiorine .... 1*010 

TotajCi • 100*608 

Specific gravity.2*27 

* iJfiC., Otol. Surv. Ind., XXXl, p. 43 (1904). 
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The other variety exhibiting the curious change of colour has been found so inti¬ 
mately intorgrown with elEoolito that it is not possible to obtain a complete analysis. 
Partial analysis indicates, however, almost exactly the same percentage as for 
the blue variety. 

The olajolite-bearing rooks arc surrounded by scapolito-gneisses and all the 
syenites contain scapolito associated with the ol»olite and sodalito. The elesolite- 
sodalite-pegmatito contains large crystals of sogirino, sphene and lime-iron-garnet.” 

In the annual report for 1003-4, Sir Thomas Holland draws 
attention to the same peculiarity 

“ When freshly broken, the patches of sodalito are carmine in colour 
and the fresh rook-face gives the appearance of being splashed with blood, but in 
daylight the colour rapidly, and in direct sunlight almost suddenly, disappears. 
Many of the specimens Avhon kp])t in the dark for a few months recover their carmine 
colour, losing it again on ex])osure either to daylight or to electric light. The 
soda^ite does not, so far as wo can lind, differ in chemical composition from the 
ordinary varieties of the minc'ral, and neither the loss nor the recovery of colour is 
affected by the humidity of the atmosphere.” 

The discovery of cancrinito, by Babu Baidyanath Saha, is also 
recorded from tlie north-east extension of the main syenite jiiass. 
Durinj; tlie field study and collection of specimens of the syenites 
I was accom})anied by Dr. Murray Stuart, whose co-operation 1 
gratefully acknowledge. 

General Geology. 

Within an area 10 miles long by 2 miles wide, lying north-east 
from Kishengarli (>ity (20" 31' : 71" 5.5'), are one large and nine small 
masses of syenite in the form of sill-like intrusions in the Aravalli 
schists, markedly (dongated in the gem'.ral direction of the strike 
of these rocks, the syenites tliemaelves being strongly banded and 
foliated in the same direction. 

The rocks of the Aravalli System here consist chiefly of micaceous 
thin-bedded (|uartzitcH, quartz-mica-schists and mica-sillimanite- 
sohists, all highly metamorphosed and intruded by amphibolite,® 
granite and pegmatite. A mile east of Kishengarh Railway Station 
the road crosses an anticline of impure vitreous quartzites, iuter- 

‘ Rcc., (Jed. Surv. Inti., XXXII, p. Ii58 (1005). 
®‘‘Epidiorite ” according to iho rocommendalions of the Joint Committee on Petro¬ 

graphic Nomenclature. 
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bedded with which is a bed of gra])liit,ic inica-hchiKl, about 4 feet 

thick, from which a mineral ]>aint bah been made and used on rail¬ 

way rolling stock. A mile or two still further to the south-east 

vein-granites and pegmatites arc so abuuduut in the Aiavallis that 

the result is a banded rock or injc'ctioii gneiss (“ migmatit(‘ ” of 

Sederhohn^) in which ramifying and iiiterfoliating veins i)enetiate 

the rock to such a degree that ovei- large areas there is not a square 

foot free from them. 

Besides these, numerous lentirular bosses of intrusive granite 

occur, some of large size, but those in (he immediate vieiiiitv of the 

syenites are insignificant. These granites are often foliated and in 

general resemble in their minerals the vein granites. The final 

result, especially whore j)ressiire has aeti‘d iqam and rolled out the, 

vein granite, is a handed roek which may be termed a “gneiss,” 

interspersed with, and often merging iuiperceptibly into, areas of 

‘‘ gneissio granite ” or “ granitic gneiss ”. The complex is highly 

puzzling at first sight, but some ol its obscurities are resolved by 

close study. 

The evidoneo available goes to piove that the soda-syenites and 

their associated [fcgmutites weiv iiilruded ])revious t(> tlu' deposi¬ 

tion of the overlying Delhi System, llie base, ol which lies a mile 

to the west of Kishengurh City As the syenites aie, so tar as was 

seen, not jienetrated by uiiy of the very numerous granites, ])egma- 

tites and am]>hibolites (ejiidiorites) which are in such lore(‘ in the 

surrounding rocks, it is at least possible tliat their abseme may be 

due to the syenites being later in their peiiod of intiusion than any 

of the otliers. Above, i.e., to the west ol the Delhi-Aravalli uiieon- 

forinity, no exposures of syenite are found, and, as the aceoiiqianyiiig 

geological maj) show's, the line of tlu* uiie«)iiformity ap])enrs to cut 

across the strike of the, syenite! sills and tin' Aiavaili schists at a low 

angle. 

The basal beds of the Delhi system, to a lliiekiiess of more than 

2,000 feet, are expo.sod in the high ridge which oveulooks the ])hiiii 

of Aravalli rocks, and consists of lelsjeathic conglomerates dif>ping 

away from the Aravallis at angles of 8(C and Jiighcr. From Ivisheu- 

garh City the unconformity has been followed to the south-west 

as far as my survey has proceedeul. for nearly bO miles ; (5 miles 

to the north-east the ridge is interrupted by alluvium but is met 

1 “ On Regional Granitiaatioa (or Anato.Ub),” Gowffu’.'i (icdogi<ju< hUirmtliofial, 12lh 
ueBuioD (I l.t). 
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with again along its strike-continuation, in the great mass of conglo¬ 
meratic quartzites at Khakirdi, on the southern shore of the Sambhar 
Lake, and again to the north of the Lake in the conglomerates of 
Marot in Jodhpur. All along, wlierever exposed, the unconformity 
is accompanied by arkose and conglomeratic beds, but their thick¬ 
ness is very variable from point to point, partly owing to original 
inequalities of accumulation, and partly due to repetition in some 
places and cutting-out in others, by multiple thrust-faults and 
slides along the unconformity. 

In connection with the faulting may be noted the puzzling dis¬ 
covery of five or six largo fragments of syenite along the base of a 
ridge parallel to, and at a distance of 4 miles to the west of, the 
range which marks the unconformity. Ruling out human transpor¬ 
tation, which is quitt^ unlikely, these fragments may have conic 
either from a body of syenite close at hand but concealed below 
alluvium, or may have weatliercd, as boulders, from an irregular 
conglomerate which ufjpcars in the ridge and is derived from the dis¬ 
integration of Aravalli rocks. In either case, taking into account 
the fact that the facies of the rocks of this ridge suggests that they 
are at or near the base of the Delhi System, it is possible that the 
lowest beds of the Delhis, with a section ol the Aravallis, are here 
repeated by a strike-fault; unfortunately alluvium is so extensive 
and so deep that other field evidence cannot be obtained. 

In the Kisheugarh neighbourhood the Delhis above the basal 
beds are almost entirely concealed, but further to the south-west, 
towards Ajmer and Beawar, good sections arc obtained, which show 
them to consist of thick quartzites, mica-schists and impure lime¬ 
stones folded synclinally into the Aravallis, with a great develop¬ 
ment of intrusive pegmatite, granite and amphibolite (epidiorite). 
The rock types arc more definite in the Delhis than in the Aravallis, 
and in the former the various congeries of quartzites, mica-rocks and 
limestones, as the case may be, are thicker and more uniform within 
each set, whereas the Aravallis have a certain indefiniteness of 
character and such quartzites and calcareous bands as occur in them 
are thin and intercalated with the predominant rock-type—mica- 
schist. 

The scenery reflects the geological structure. In the Delhis 
we have high continuous ridges of quartzites and, to a less extent, 
of limestone, alternating with valleys eroded along the softer rooks, 

while the Aravallis form a monotonous “ gneissio plain.’* 
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Xli6 earlier pre-Delki granite and pegmatite intrusive into the 
Aravallis, are distinct and distinguishable from the later post- 
Delhi granite and pegmatite. 

Description of the Syenites. 

The ten masses of syenite arc on difEorent horizons, and the 
largest has an irregular margin, owing to th(‘ low ujul variable dip 
of the rocks enclosing it, to which it is loughly j)arallcl but to a 
certain extent transgressive. The four outcio])s farthest to tlio 
north-east are isolated in, and separated from each otluM’ by, alluvium 
and the real form of the intrusions to which they belong is accord¬ 
ingly unknown. • 

In texture the syenite is very variable but may bo divided into 
three mutually merging varieties :--a granitoid tv|)(; in which the', 
minerals are evenly distributed with no orient at ion in any ])articular 
direction, a foliated type in which the simill jeatches of the clitTercnt 
minerals are elongated in jjurallel jdanes, and a banded type in which 
layers of rock poor in dark ferro-magnesian mineials, an inch or two 
wide, alternate with basic bands of about the h.imc thickness, con¬ 
sisting almost entirely of forro-magnesiaiih. In the first tlio clusters 
of amphibole are compact (glomero-]iorj>hyritie texture of .ludd)^ but 
in the two other varieties are markedly crushed and broken up, 
as if by motion in a semi-consolidated magma (glcmnuo-plasmatic 

texture of LoDwinson-Lessing).^ 
Both foliation and banding follow the foliation of the enclosing 

Aravalli rocks, the largest mass is very strongly banded or foliated 
over most of its outcrop, and its foliation di])8 arc at low 
angles, 20°—40° to north-west and west-north-west, and are 
notably regular, taken as a whole, thougli in detail often much 

corrugated. 
In the held the grain of the rock is that ol a somewhat coarse*, 

non-porphyritic granite, but as explained below, the grain under 
the microscope, is much finer than is macroscccpically ap])urent, for 

what appear to be mineral individuals are in leality aggregates of 

like minerals. 

* Quart, Jounu Ckol. S<yr., XLll, (1886), p. 71. 
• “ GeologiBohe Skizze der Besitzong Jushno-Saosersk und BfigcB Doneskkin 

Kamen in nordL Ural,’* (1900), p. 208. 
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In hand specimens, or more clearly on weathered surfaces, it 
appears to have three mineral constituents:—(a) grey, with a 

greenish tinge and greasy lustre, which weathers more readily tlian 
the other two, thus giving rise to recesses and producing the con¬ 
spicuous pitted surface characteristic of the syenite, (6) in about 
equal amount to (a), an aggregate of pure white granular crystals 
with pearly lustre, projecting in relief on weathering and sometimes 
showing simple twinning to the naked (‘ye, (c) a greenish black 
mineral, in loss amount than either (a) or (6), weathering more readily 

than (6) and hsss readily than (a), seen in hand specimens to he made 

uj) of interfelted elongated crystals showing a distinct cleavage, 
(a) The greyish constituent is under the microscope seen to be 
clusters of ueph(‘,line grains with a certain intermixture of felspars, 

(h}' is essentially an aggregate of orthoclase and miciocline (pro¬ 
bably soda-microcline) with some ulbite, and (c) is mainly umphibole 
with sphene and apatite. Biotite and garnet arc also ])rosent in 

some modifications. 
There is thus visible in the field an almost complete dilierenti- 

ation of the magma into three ])ortions, cemsisting essentially of 
felspathoids, felspars and ferro-maguesiaus. Doubtless had crystalli¬ 

zation taken place under static conditions these patches would have 

pioducod large crystals, but owing to slight movement in f-lie magma 
during consolidation, crystaUIzation lound cert.iiu centres has been 

interfered with, and a somewhat graiiulitic rock results of aggre¬ 
gates composed more or less of one mineral. Holland has drawn 

attention to tlui prevalence of this tendene.y (gloniero-])laHmatic 
texture of L(L*winson-ij(‘ssing) in the charnookites and the Sivamalai 

syenites.' Further movement under picssure produces tlie foliated 

varieties ^ wherein these, aggregates ot crystallization are drawn out 

into lenticles and sheets. 
In the syenite, nephelinc occurs in twm gemirations, the older 

oi rounded ])henocrysts, of small size, and the younger of small 

allotriomorphic grains scattered through the felspathic giound- 

masB. 
As well as phenocrysts of nephelinc, there are in the granitoid 

variety less numerous phenocrysts of microcline which do not jshow 

* jJicMi., /Sum/wtZ., XXViXI, jip. 152,241, (1000); Mem., Oeol. Surv. Ind,, 
XXX, p. 196, (1901). 

’ Mem., (Jed. tiurv. Ind., XXVUI, p. 221, (1900); Bonney and McMahon, “ Crystal¬ 
line rocks of the Lizard district," Quail. Jouni. Giol. Sm., XLVll, p. 476, (1801). 
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crystal outlines. The finer groundmass consists largely of felspar, 
which under the microscope appears as an cciuidimensional mosaic 
of clear grains. These are clear and unweatherod, and are mostly 
imtwinned and probably orthoolase, but microclin<‘, albite and 
oligoclase also occur in subordinate amount. The plagioclases were 
identified by the method of Michel-LtWy—of extinction angles 
measured from the trace of the albite lamellation. Perthitic inter- 
growths of microcline with orthoclase are frequent. Among the 
felspars cancrinitc and calcite arc present interstitially in small 
amounts and are certainly primary constituents. The Becke method 
of gelatinising with hydrofluoric acid and staining with malachite 
green was used in an attempt to identify quartz, which apjiears 
to be absent. 

The texture of this groiindmass is the same ns the “ mof^ic 
texture ” illustrated by Hobnesi and Weinschenk and Johanii- 
seu.® 

The ferro-magnesian minerals are abundant and occur in irregular 
clusters consisting of both biotite. witli small ineludtd zircons, and 
the characteristic amphibolo of the rock, with .sjdiciie and apatite 
in considerable amount and in some slides eoiroded g.nrnets, brown 
(melanite) and pale ]»ink (almandine). The anqdiibole is in large 
ragged plates and may be clnssified as a hornblende with an almorrn- 
ally high extinction angle, .‘lb'’ as a maximum, and ])leochToio from 
deep blue-green to greyish-yellow. 

The composition of the foliated variety does not difTer materially 
from the above, except iliat the minerals have a distinct banded or 
lenticular arrangement and are, in some slides, but not always, 
seen to be crushed. The ferro muguesian minerals make ii}) 
a larger proportion of this tliaii they do in the granitoid 
variety and are still more abundant, relatividv, in the banded 
1-ype. 

In tbe latter the plienocrysts of iiejdieliue are sonu'tiines irre¬ 
gular and broken, and surrounded by fine detached particles. The 
fclspathic groundmass may have “mortar” li'xture®, or may be 
mylonised and granulitic in part. 

* Holmes, “ Petrographic Methods and (^alcuIatioriH,” jil. 4, fig 0- 
® Weinschenk and Johannsen, “ Ftjndamcntnl Principles of JVhoiogy,” pJ. 5, lig., 

pi. 6, fig. 1, 

® W®ip9chepk and .Tohannsen op. cit. pi. \', fig. 4-. 
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Analyses of Indian Soda-syenites. 

X nrmal 
Byonitp, 

KlHhoiiparli. 
(B. C Gupta). 

Dark landed 
Rycnitc, 

K|. henrarh. 
(B. C. Uupt'i.) 

Vizagapatam 
syenite. 

(T. L. Walker). 

Blvainalai 
syenite. 
(T. L. 

Walker). 

Mlatktte, Vnb*. 
(U. Bourdakow). 

Bio, 5.V32 54-52 62-60 55-68 66-26 

A1,0, 23-78 24-32 26-60 28-81 28-69 

Fe,0, 4-78 6-82 
r Fe,o, -on 

\ FcO 2-21 / 
4-84 

r Fe,0, •86') 

\ FeO 2-61J 

MgO 1-07 •43 •61 •66 •27 

CaO 1-18 1-71 1-80 1-66 •64 

Na,0 8-46 10-62 7-06 0‘2S 7-77 

E,0 <•50 1-60 6-94 6-16 6-72 

H,0 . * -61 •34 •87 

Cl * . «4 •90 

eo-es 100-81 CO, -66 Graphite *68 CO, 1-87 

Less 0 ■14 •22 •• TIO, '47 
MnO -09 

00-.')4 100-60 60-88 101-08 90-91 

Felspathoid-bearing rocka Lave hitherto been recorded from 
four otheT localities in India—Sivamalai, elfieolite-syenite described 
by Sir Thomas Hoi la nd^ ; Vizagapatam, a miaskite described by T. L. 
Walker®; Mount Girnar, Kathiawar, a monchiquite described by 
J. W. Evans* ; and from Sarnu, Jodhpur, a tinguaite described by 
Sir Thomas Holland^. 

All of these are too distant from Kishengarh for any magmatic 
relationshi]) to be likely. The Kishengarh rock appears to corre¬ 
spond more or less with miaskite, grading towards shonkinite in the 

dark portions. 

The Associated Pegmatites. 

Traversing the various exposures are one or two veins of micro¬ 
syenite of small size and differing from the normal rock only in texture 

but not in composition, and also a few large veins of coarse pegma¬ 
tite of great interest from the minerals they carry. The commonest 

^ Karpinsky, Guide. VII Cong. Geol. Inter., V, p. 22, (1897). 
2 Mem., Qem. Sunj. Jnd.. XXX, pp. 169—217, (1901). 
” Qen. Rep., Geol. 8vrv. Ind., 1902—3, p. 26 ; Rec., Geol. Suri), Ind„ XXXVI, pp. 

19—22, (1907). 
* Q. J. a. 8., LVII,pp. 38—64, (1901). 
^ M«tn.t Geol. 8urv, Ind., XXXV, p. 92, (1902), 
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are composed of the amphibole of the aycDito but in large crvatala 
and aggregates, with quartz, luicroclinc and other felspars. Those 
occur in force beyond the margin of the main syenite body, in the 
low scarp of quartzites to the south-east of it, and are in fact 
more numerous outside the syenite than within its limits. Another 
common variety carries large individuals of grey elgeolite some¬ 
times mor» than a foot in diameter wdth interstitial finely granulai 
material consisting of sodalite and of an intergrowth of elwolite 
and sodalite, occasionally accomjianied by canerinite. The sodalite 
is intensely blue or colourlesr and is otherwise distinguishable from 
the elsBolite by its greater trans])arenev. saecharoidal granularity 
and by its brighter lustre as compared with the characteristic greasy 
aspect of the latter. The remarkable fading of the carmine lint 
of the freshly broken rock takes jdace in thi'^ type of ])egmatite 
w'hen the sodalite is colourless, but by no means all the eolouiTess 
sodalite exhibits this pro])erty. The quartz-felspar-amphibole and 
elaeolite-sodalite pegmatites occur most commonly and in the largest 
veins ; the others are in small and scarce bodies. Peihaps the most 
striking is the bizarre rock consisting ol pure wdiitc felspar veined 
and marbled with deep blue sodalite, bright vellow canerinite and 
shining black biotite. The felspar is microcline pertliitically inter- 
grown with orthoclase and also the two s])(‘eies in uranulav 
aggregates. The sodalite and e.inerinite are also granular, iu veins 
containing both, or of sodalite alone, in the fonrier case the 
sodalite being colourless, in tbe latti'r blue Near Mandaoria iu 
particular as well as at other points wuthiii the syenite masses, 
are veins of a pegmatite in which canerinite is the j)iinei])al 
mineral, in granular masses and large crystals u]) to a foot in 
length, with sodalite and biotit('. Tlie canerinite ap]>eajs to have 
crystallised before the sodalite, w’hich is in veins and inteispaces 

between the canerinite, crystals. 
Another form of pegmatite is ch.iiacterised by large idiomoipliu- 

pale pink garnets in canerinite and fels])ar (albite and oligoclosi* 
in part) with biotite, apatite, spliene and sometimes calcite. The 
felspars are somewhat cloudy, show cleavage clearly, aud have 
irregular and interlocking margins—“sutured” texture' with nnieh 

interstitial fine material. In the coarse granitoid rock adjoining 
this pegmatite the felspars show granophyrie slructute. This pegina- 

* WeinBchonk and Johannaen, op. cit, jJ. V, Ggs. 3 and 3. 
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tite also carries molybdenite as a rare accessory, but I may paren¬ 
thetically remark, it is not in economic quantity. Brown garnet 
(melanite), very similar to that of the syenite of Clirnar, Kathiawar, 

is also found in pegmatite as well as in the normal rock, but in 
the pegmatite it occurs as small veins, unlike the pink garnet, which 
gives well formed crystals. 

Pyroxene has only very doubtfully been recognized in the syenite, 
in small green grains, and if really present, is quite an unimportant 
constituent. There is however, one occurrence south of Mandaoria, 
where large crystals of a'girine-augite are enclosed in an elaeolite- 
sodalite-microcline pegmatite and also, with amphibole, in the 
immediately adjoining syenite. 

In the Bohnru bill, the outcrop farthest to the north-east, which 
is pomposed of the normal unfoliated or granitoid form of syenite, 
the associated pegmatites consist of eleeolite, sodalito and a white 
felspar, which on miorosco])ical examination ])roves to be microcline, 
perthitically intergrown with oligoclase. 

The Tilornia body is aberrant in that felspathoids are absent, 
quartz is ])resent in small veins, and the ])rineipal ferro-magnesian 
appears, but dou})tfully, to he a green ])yToxene in ragged aggre¬ 
gates, with sphene and iron ores. The f(‘lspars are microcline and 
orthoclase. In the associated pegmatites however, amphibole is 

largely develo])ed, hotli in large, stout crystals and filmms bundles. 
This amphibole is the same as that of the syenite in tlie other intru¬ 
sions. 

Contact Rocks. 

The rocks enclosing the syenites have been briefly alluded to. 
Limestones are by no means common in the Aravallis, but an interest¬ 
ing and handsome calcareous contact rock has been found at several 
places near Mandaoria, just outside tlie eastern margin of the main 
syenite mass, not in a definite bed, but in scattered and isolated 
blocks without visible arrangement, ft is a white or pale grey 
saccharoidal rock, fine-grained, with scattered and ill-defined 
blotches of rose-pink and pinkish-yellow, in which a fibrous struc¬ 
ture is apparent. The white portion of the rock is seen under the 
microscope to be made up of calcite and cancrinitc in about equal 
amount, the latter in parallel blades and fibres or in irregular plates 
and elongated scales, which are in approximate optical continuity 

and extinguish together over the field of view, with the calcite 
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scattered through it, and also in lenticles. In another variety a 
mosaic of secondary felspars with sutured margins encloses linearly- 
arranged scales t)f caloite and cancrinite, thus indicating the general 
fibrous nature of the rock. The pink portions of the rock consist 
of dendritic clusters and radiating wis])s of elongated crystals of a 
pink, feebly pleochroic zoisite containing manganese, vvhich with 
crossed nicols gives anomalous yello^^^ and indigo interference colours, 
(see p. 196). 

The scapolite gneisses recorded by Vredenburg have not been 
recognised, and two of his specimens thus designated jjrove 
on examination to be melanocratic varieties of the syenite ; when he 
visited the locality cancrinite had not been recorded by Babu Kaidya- 
nath Saha and it is probable that cancrinite was mistaken for scapolite, 
as the two minerals are quite indistinguisliable in micro-sec^ous, 
unless basal sections, are available showing the intersections of the 
prismatic cleavages, in cancrinite meeting at 60‘. in scapolite at 9tr'. 

Notes on the constituent minerals. 
I use tfu- name elseolite for the dominant fels])alhoid of these 

rocks, according to the customary usage of that term for the 

Elaeolite massive variety of nepheline found in jdutonic 
rocks. In this case, so clear and unaltejed is the 

mineral, that as far as the ])etrologicul eharacteiistics of the mineral 
itself are concerned, it might with equal pro]»ri#>tv be called nejilieline. 

t^th in the syenite and the associated j)egmatiles it weathers 
with a thin soft yellowish-grey crust resembling the chalky crust ou 
Hint, but this decomposition is superficial, and immediately under¬ 
neath the mineral is found to be quite fresh. When in small aggn'- 
gates, as in the body of the syenite surrounded l)y fels])arH and 
fcrro-magnesians of superior resistant powers, it weathers in tf'cesses 
giving rise to the, highly characteristic pitted aspect of the rock ; 
but in the large masses in the pcigmatites the chalk-likc crust is 
readily removed by wind and rain and the peculiar greasy lustre 

and grey colour of the mineral are made apparent. 
In the typical syenite the elaeolite appears to be of two genera¬ 

tions. The older consists of rather rounded imlividuals, sometimes 
showing an approximation to liexagonjil outlines, perfectly clear, 
colourless and remarkably fresh, but with minute colourless or pale 
green platy inclusions, arranged linearly in parallel with the diiec- 
tion of extinction in longitudinal sections, and in transvers(‘ sections 

o 
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in lines intersecting, at 60°, i.e., parallel witii the prism faces of the 
crystals. In some cases the inclusions themselves have straight 
extinctions; they appear to be minute laths of acid plagioclase 
and biotite, and the green ones may be amphibole or p3rTOxene, 
but they are not determinable with certainty. Only exceptionally 
does the elseolite show prismatic cleavage, in basal sections inter¬ 
secting at 60° The later generation is in smaller grains without 
inclusions, and is also clear and colourless. Usually it forms a fine¬ 
grained mosaic with the felspars, from which it is sometimes difficult 

to distinguish. 
The mineral is usually distinguishable by its low double refrac¬ 

tion and by the uniaxial figure given by suitable basal sections, but 
gelatinization with hydrochloric acid and staining with malachite 
green or fuchsine, performed either on microscope sections or on 
jrolished blocks, displays the proportion which the elteolite bears 
to the other c()n)ponents and also shows its tendency to segregate 
in patches, leaving the intervening areas o cupied mainly by felspars, 
but with small amounts of it with them. 

In the basic bands and lenticles, where ferro-magnesian minerals 
predominate, eheolite is not found. In the pegmatites ela‘olite 
occurs in intimate association with sodalite, the typical arrangement 
being of large individuals of elmolite often several inches in 
diameter, but without crystal outlines, separated by interstitial 
matter consisting of granular elarolite and sodalite in a form of in¬ 
tergrowth. Caucrinit** and biotite are frequently found with this tyi)e. 

An analysis of a portion of one of those large individuals gives 

SiO, 

Kiahengarli*. 
(B. (\ (jiii{>la). 

Per cent. 

39*04 

Sivamalai 
(T. II. Holland). 

J*6r cent. 

43.35 

aiA 3fi*36 34*32 
Fo,(), trace 1*02 
MgO 0*40 • • • . 

CoO Nil a 0*82 
Na„() 17*998 14*62 
K,() 4*33 . 6*52 
HjO ■ . • « • • • 

Cl 3*91 LoflB on ignition. 0*76 

LeBR 0. 
101 *038 

0*880 

Total 100*158 100*40 

Performed in the Laboratory of the Geological Survey of India. 
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I have attached for comparison llic analysis of iho Sivamalai 
elecolite given by Holland®. The percentage of chlorine. 3 ‘)1, shows 
that the Kishengarh mineral is considerably contaminated with 

sodalite. 
Mioroclinc, orthoclase, albite and oligoclasc arc ])rcscnt. Micro- 

cUne, like the elcoolite, occurs in two generations in the R3^cnite, 
noitlier being in idiomorjihic crystals. The earlier 

Felspars. larger individuiils are about the same siijc 

as those of the earlier elueolite, and tlic smaller and later are in small 
grains, forming with the other felspars the bulk ol the rock. 
Twinning according to the perieline mode is often on so line a scale 
as to suggest that the felspar may be Mula-microcliiie (anoitlioclase). 
The practical impossibility of isolating a jiroduet immi.ved with 
other fclBi)ars has prevented an analysis being made. In die 
larger individuals especially it is micropcrtbiticall^ mtcrgiown with 
clear orthoclase. Microcline does not occur in t!ic ckcolih-sodalilc 
type of ircgmatite, but is common iu tlie ani].hibolc and quartz- 
bearing type and also occurs in the striking lock com]>osed of blue 
sodalite, yellow cancrinitc, and white miciocbne. In the Bobaru 
mass there are iiromiiient veins of clieolitcmicroclme. peginati o 
in wliich the microcline is micrographically intergroAMi witli (luartz 

and microperthitically with oligoclasc. 
Orthoclase is in subordinate amount to microcline, usmiBy 

in clear and quite nnweathered sraius, j 
cleavagea inter«.cting at approxunately 
(chiefly albite and oligcclaeo) i« an ccoam.nal c uiaUtua.l 
ayenitc, and ia confined to the fine-graimMi S>«"n.l.uaa». 

In the aycnite umjilubole occuia lioth as laigi - ' ‘ 
ragged and not sla.wiug good ciqalal oollnua, 

AmpWbole. dovclopcd prismatic ^•Icjiviigcs, 

and as irregular aggregates of small individuals, 

abundant spheno and ujiatitc. In ^ ^jatrii-uatcs. 
and masses, often very coarsely crystallme. au< > 

Its ple^chroism colours are: X=gre^sh-ycllow, 

andZ=bluc-green; it is positive and ^ 
angle, Z/\c, is 36° as a maximum of all observe ‘ 

maximum being ‘24° to ‘27°. basaltic horn- 
24° to 30°, katoporitc (cataphoritc) 31 to , 
blende has sometimes an extinction angle as high as ^ 
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pleochroism colours agree with those of hastingsite’, X—yellow- 
green, Y--deej) blue-groon, Z^-rleep hlue-green ; and with the basaltic 
hornblende from Beverley*, X- greenish-yellow, Y —olive-green, Z=- 
blue-green. 

A detailed analysis of this aiii]»hibole (registered number 110-287) 
by W. A. K. CJiristie gives the following composition 

RiO^ . 

IVr cent. 

62*21 

AljOj . 2*72 

Fc.O, . 2*71 

FeO . 1719 

MgU . 11*24 

CaO . 10*89 

Na^O . 1*04 

K,() . 0*37 

31,0 (l)clow 107°(’) 017 

R/) (above 107^(’) 0*01 

TiO^ . 

MnO . 0*.">9 

F M • « ft 0-3.6 

Less i) 
1(H) *09 

0*1.") 

Total W)i}t 

Dr. (Jhristivj has also detcnniiied its speeilie gravity ( as.‘VJ20 
and its refractive indices, for sodium light, to be a Idllll, ^ l’(54!), 

y—VOGO (all ’903), and it is optically neg.itive. 
Comparing this with the undernoted analyses it will be seen 

that the Kishengarh mineral is too liigh in silica, lime and magne.sia, 
and too low in alumina, soda and iron for hastingsite, and a])proachcs 

much more closely analyses of hornblende. The alumina content, 
notably low for amphibole, is rather characteristic of the am])hiboles 
of aoda-syenites. It has not the characteiistic rcddisJi colour of 
katoforite, and its analysis shows deficiency of iron and soda, and 
excess in lime and magnesia, in comparison with that mineral. It 

may be identified as green hornblende with an unusually high 

extinction angle. 

‘ Oeol. liurv. India, XX?i, pt. 3, p. !87, 
* IddtngH, “ Rock Minerals,” p. 361. (1900). 



Part 2.] Hbron : Soila-beurutg rocks of KisJiengark. 19^ 

A. Kialiongarli ainjihibolo. (W. A. K. Cliristio.) 
B. HastiugHite,ncj)}ieIm(‘-syeuit«*, Duuguuoii, OnL (B. J. Hai'ring- 

tou.)^ 
C. Hornbloiide, granitic* syeiiilo, Donegal. (S. llaughton.)- 
D. Hornblende, .syenite, Biella. (A. t'o.ssa.)^ 
E. Hornblende, dacite, Hrenatilla.'’ 
F. irornblende, diorite, Fayniont, Vosges.(A. Delesse.)^ 

1 

A. 14. c. 1). K. V. 

SlO 2 . • .■)2 21 :{4 IS 17 2') 4() 22 1.7 7() 4i-4n» 

Al^O., 2 72 11 .72 .7 I),') S 12 S .SO 11 so 

I'OjOj • 2 71 12 (,2 I'l 1) it ;i:i .7 22 

l<V() . 17 10 21 Its 0 Itl 1,7 IS II 22 MM 

Mat) 1121 1 1 1 2(» ,7 20 N OS 12.70 

Cud . 10 S'; it s7 117i; 10 OS 10 (>2 0 7.*, 

Nu^O • 1 04 :i 2'.) OSts 2 41) 1 211 
1 ls)2 

K .() fa . 0:57 l! 'I\ 104 1 22 0 2(1 J 
TiO^ Ti:n 1 1 OS 1 1 i:) 

JlliiO . (1 .')<» (t o;t 1 70 0.77 

II .() . 0 7S (I a.'i 1 .‘Ifi On.) o-W 

F 0 Xt • • 

Loss on ii'iiit ion • 1 2(1 0 ,s;> 0 47 

1 iCHS () 0 1.7 

0!) 0 4 oa ()i •I'l 111) 100 2(1 1(H) 21 |(H)(H) 

A bright green, faintly i)leoeliu)ie ]>> roxene oecurs as .soincwbat 
rounded ‘ graiu.s in the syenite, but is not comnnm. It m 

biaxial, and the extijietion angle, A Ar, is 
Pyroxene. about 10 , X—pale green or bright green, Y aiid 

» K. I). Adiun.-, ttiul A. i). Snir. i'luuKh. 
(11)10). 

® Oxtirt, Jotini. (ffol. Is. 4Hi, (Isu^). 
"F. ZHinhoiiini, Zr//.s./. 40, 2:U, (IDO.-)). 
*c f. fddinj-s, “ U.K-lv MiiKTt W XW. (HMHi). 
^Ami. dt/t. Scr. -1, H, (IMO) 

/I r. <>, Ak-ni. 0, 247, 
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Z—yellow-gTcen or yellow-brown. In one variety of pegmatite 
found south of Mandaoria large crystals of the same mineral arc 
included in a matrix of ela3olite, sodalite and microcline, in this 
case the extinction angle being 30”, and X= deep green, Y and Z= 
yellow-brown and yellow-green. It may bo classified as aegirine- 
augitc. 

Several varieties of garnet occur. A yellowish-brown kind was 
seen in one microscope slide of the granitoid syenite, and melanite 

occurs in the dark basic bands in the banded 
Osrnct* 

syenite. The latter also is found in calcareous 
quartzite and folspar-biotite rock with calcite, the nature of 
which is doubtful, but which may be xonoliths or hybrid rocks. 
Brown garnet, resembling that associated with the monchi- 
(juite of Mount Girnar in Kathiawar occurs as veins in quartz.^ 
[’ale ])ink garnets are found in felsjiathic veins in the syenite, 
which arc })ro))abIy pegmatitic, associated with biotite, sphene, 

ajiatitc and molybdenite (rare). 
Sodalite is present in two varieties, one of a beautiful blue colour, 

and the other colourless and transparent ; some of the latter is of 
g evanescent ])ink tint when the rock is freshly 

broken. Both varieties occur intcrstitially 
in the ela'olite-sodalite jH'ginatitc, usually se])arating the large 
individuals of elseolite, and the colourless variety is often intimately 
mixed with fine granular elseolitc. 

Two analyses of the blue variety are appended, the first that 
(pioted by K. Vredenburg, and the second made in the Geological 
Survey laboratory by B. C. Gupta on material collected by me. 

Per cent. Per cent. 
Si()„ .... ;t8or)r) SiO, .... 3G-02 
AI/)3 .... 31 •:u) Al.O, .... 34-46 

.... tiaee. Fe/.)^ .... trace. 
(’ab .... OOOl Mjf() .... 0*17 
Na,() .... 24-77 CaO .... Nil. 
Los>, uii ignition 0-S2 Na^O .... 17-20 
Cl .... 7-18 K,0 .... 6-37 
SO3 .... trnec. H.,C .... 3-07 

Cl .... 4-80 
102-12(5 

101-09 
Less oxygen equivalent (»f Loss oxygen equivalent of 

ehlorinu 1-618 chlorine 1-08 

Totai. 100-C08 Total. 100-91 

^Quart. Jourri. Oeol. Soc., LVII, (1001), pp. 38—64. 



^ART 2 ] 1U5 Heron ; Sodfi-lHariug rovh of Kishmyarfi. 

Cancrinite in small interstitial f^rains occuis in the .syenite in the 
two most wcstorly outcro])K, to tlie west Hk' (iuest House. 

Cancrinite. -seapolite and can- 
e-rinite arc in(hstinf»nishal !<' m small grains in 

thin sections unless their ])risinatir el(ina};es (liexaf^oual, inter¬ 
secting at 60" in the case of cancrinite and tetiatonal inteisectiin' 
at 90" in scapolite) aie observed, a.s thdi otliei optical projicrlies 
are identical. In view however of the ahimdance of cancrinite in 
the pegmatites, there is little doubt thai it is lliis mineial which is 
present in the syenite proper and not s^aiolite. 

In the pegmatites it occurs in laigi* iiidix idiials, sometimes u 
foot across, without crystal outlines hut with peifect prismatic 
cleavage. It is white or greeni.sh while, translucent, with jxuirly 
lustre on the cleavage faces, and weathers wdli a ehalk-like c*u.st 
as eheolite does. Sometimes it is graiiulai and yellow, and a verv 
striking rock is that in which this variety is associated with blue 
Hodalite and felspars. Black biotite commonly accom])uuies it. 

Calcitc has been detected in interstitial grains among the lelsiiais 
of the syenite, occurring in the same wav as cancrinite. ('alcite 

^ . . occurs as an original <-onstituent in both the 
Calcite. , . , TT , , , 

Sivamalai and \ izagapatam syenitesb and must 
here also be regarded as primary. 

The pink mineral occurring as lihrous pat(dies in the canciinite- 
calcite contact rock near IMandaoria has presented consideiable 

difliculty in delerniiuation. .is it belongs 
Thulitc (manganese group, flic zoisites and cpidotes, which 

zolslte). boiind.uy line between tJu; 

orthorhombic and monoclinic systems, ami the species of which are 
optically very variable and freuuently anomalous, and lii-ulc r.ither 
indefinitely into each other. IVlacro.wopicalh it is rose jiink or 
pale yellowish-pink and in thin sections ndourlcss oi pale pink, in 
the latter case being pleochroic from pink to calmnless. Tlic 
specific gravity of a piece, ]jrobal)ly slightly admi\<’d AMtli calcitc 
was determined as 3'27 by weighing, ami of an isolated fragment 
by heavy liquids as 3‘30. Tlie sjiccific gra\ity of zoisite is .» 2,j 
3*37. The refractive index ^ w'as determim‘d by my colleague, 
Dr. W. A. K. Christie, as 1-711 ±-002 and l iOO i- ’OO'i. on 
two different specimens, ]’702 J;;;; '002 I'ciiig olitained fri>m tliulite 

^ Hec,,OeoI> f;'urv. Ind., >;XXV1, ]>. liO, (H'OS). 
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from Lervikou, Norway, that given for normal zoisite being 1*G99-- 
1‘720 by Luqucr, V09G—1‘7058 by Iddings and 1*097—J*702 by 
Weinschenk and Clark. It is })robably biaxial with large optic 
axial angl(‘ ; the ])lane of the o])tic axes is ])er])endiculaT to the 
cleavage and the longitudinal sectioii of the crystals shows the 
emergence of an optic a^xis. Tn the rock the mineral occurs as 
granular aggregates and felted bundles of prismatic crystals, the 
elongation of which is in the direction of the c axis. The pina- 
coidal cleavage, parallel to (010), is ])erfect, and the extinction 
is parallel to this cleavage ; there are also two indistinct ]>artings 
mutually at right angles and 15" to the cleavage direction. The 
double refraction is very low and the interference cohuirs are 
anomalous, indigo and yellow. Twinning is frequent, the twinning 
plane making an angle of about GG" with the traces of the cleavage 
m trunsver.se .sections of the cry.stals, in which .sections the angle 
between the chuivage traces and the cvtinction direction is 15’— 

18°. 
An analy.sis (d the. mineral, l)y 11. (\ C{iq)(a, is given below, 

with analyses of witliamite (juanganese epidot(‘) and thiilib*, and 

the theoretical comjfosition of zoisitc lor C(»Jii])arison. 

Ki.sliongjirl) 
miiK'ial 

Witliainito.’ Tlmlito.-! Theon-lioal 
Koibito. 

SiOj, .... 4:C23 42-Sl 39-7 i)er cent. 
A1,0, .... :i317 2:i'0!> :il-l4 33-7 

.... 5-99 o-ns 2-29 
KnO. 11:1 

.... 0-49 0-SS 
('aO .... 211:1 20-00 18-7:1 34-0 
Na,0 .... 014 0-94 1-89 
K36 .... 0-9(5 , , 
H,() .... , * 2-40 0-04 2-0 
MnO .... 0-80 0-14 1(53 
Li 0 0-25 
liiuul. .... O-:!.") • • 

Total 1000 99-70 100-70 100-0 itor t-cni. 

It will be seen that the analysis agiees fairly well with that of 

thulite and w’itli the theoretical compo.sition of zoisite, except that 
the percentage of silica is somewhat low*. 

> Hoddle, Min. Mu(j., 0, 15, (18R2). 
* ” Guielia, PoytjcndorfJ’/, Annuku, 41>, p. 539, (1S4.0). 
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Heron : Sodo-hcafinfj rod's of Kishoiqorh. 107 

EXPLANATION OF PLATES. 

2.—Fid. 1.—Grauiioid Hyonitc, mam mhusion. 
Fjd. 2. -F()liat('d Hyi-nilo, noiir M.iiidaona, 

0.- Fio. 1.—JJanded 

2, ,, ,, tiiii; (M>iitf)rtn)ii 

4-- Fkj. I. Pilot omuTDj/rapli ot til anil <)l(lv,^( mil , |h. 

Fui. 2.- Pholojniri-njrrajili ot t^mmloid mt,>; nolan/rd Imlil • 
; 18. 

5. —Fid. 1.- Pilotoniiciograjih of Hraniloid h>( nitc ; ]S. 

Fid. 2.- I’hotoiiiicK'tirapIi of laiiulod Myimti' ; is. 

0.- Fid. 1.— PhotoiiuorottKiph of liaiidcd. liiotilK syoiiitp ; . IS. 
Fid. 2.--Photojiiicrograph ot Hiii3.<;i<nncd, toliatrd mtc ; IS. 

7. —Fid. 1.—I’hotoinicrograph of £rgniiu‘ pognuitdo ; is. 

Fid. 2. —Pliotomicrograjdi of ainpliilKdc-giiiuct-pi'gmtitito ; IS. 

8. —Fig. l.~l’lio1omurogm])li ofsodHlilc m ila-oldo-sodalitc rotk ; 
' 18. 

Fio. 2. —Pliotoraicrograpji of Miiolitli willi Inoliic, pyroxciip and 
Hplieno ; 18. 

!). —Fid. 1.—I’liotomicrogra]))! of lliolili a am miiiIp-c alntp nx K ; is. 

Fid. 2, PilotoMii<rogra])!! of lliulili'(rmnolili-fidhjmi loiK; is. 

10. -Fid. 1.- Pilot ojtiicroar.ijili n| tlndilc I iciiiolili' rock; / IS. 

Fid. 2. - IMiotonii('rogra|»li of tluilitc-c nk i|c roi k ; / IS 

11. -Ii’id 1. -PlioloiiiKTocinpli ol iinpiitc <'i\slallm(‘ linicslonc ; IS 

12. — (icolocjcji I iim'iji of jinrl ol Kislicncai h , si.dc I' 1 mi]o. 
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Pttrt 3 {out of ^ prim).—RocIcr of tlie Lower Godavari, ‘ Atgarh Baudstonee ’ near 
Cuttack. Fossil floras in India. New or rare mammals from the Siwaliks. AravaJi 
sori«‘s in North-Eastern Jtajputana. Borings for coal in India. Geology of India. 

I ml, 3 {out of prini).-—Tertiary rone and underlying rocks in North-West Punjali 
Fossil floras in India, Erratics in Potwar. Coal explorations in Darjiling district. 
Ijiinestones in neighbourhood of liaraxar. Forms of blowing machine used by 
smiths of Upper Assam. Analyses of Baitiganj coals. 

Pmt 4 of print).—Geology of Mahauadi basin and its vicinity. Diamonds, gold, 
irnd lead ores of Bambalpur district. ‘ Eryon Comp. Barroveusis,’ McCoy, from 
Bripermatur group near Madras. Fossil floras in India. Tho Bl.vini group and 
‘Central Gneiss’ in Simla Himalayas. Tertiarios of North-West Punjab. Genera 
CUioeromeryx and Kliagatherium. 

VoL. XI, 1878. 
Part 1—Annual report for 1877. Geology of Upper Godavari basin, between river 

Wardha and Godavari, near Sironcha. Geology of F.aahmir, Kishtwar, and Pangi 
Siwalik mammals. Palasontological relations of Gondwana system. ‘ Erratics in 
Punjab.’ 

Pmt 3 {out of print).—Geology of Sind (second notice). Origin of Kumaun lakes. Trip 
over Milam Pass, Kumaun. Alud volcanoes of Ramri and Cheduba. Mineral 
resources of Ramri, Cheduba and adjacent islands. 

Pmt 3.- Gold industry in Wynaad. Upper Gondwana series in Triclnnopoly and 
Nellore-Kistna districts. Senarmemtite from Sarawak. 

Pmt .^.--Geographical distribution of fossil organisms in India. Submerged forest op 
Bombay Island. 

V^OL. XII, 1879. 
Part 1. -Annual report for 1878. Geology of Kashmir (third notice). Siwalik mammalia 

iSiWfilik birds. Tour through Hangrang and Spill. Mud eruption in Ramri Island 
(Arakan). Braunite, with Rhodonite, from Nagpur, Central Provinces. Palaeonto- 
logical notes from Satpura coal-basin. Coal importations into India. 

Part i?.--Mohpani coal-flcld. Pyrolusile with Psilomelane at Gosalpur, Jabalpur district. 
Geologic.il reconnaissance from Indus at Kiishalgarh to Kurram at Thai on Afghan 
frontier. Geology of Upper Punjab. 

Part 3. Geological features of noilheiii Madura. Padiikota State, .and southern p.ail» 
of I'anjoro and Trichinopoly districts included within limits of sheet 80 of Indian 
Atlas. Cretaceous fossils from Triihinopcdy district, collected in 1877 78. Sphe.iio 
phylluin and other Ecjuisetacea' with refeieiice to Indian form Trizygia Rpecics.i 
Boyle (Sphenophyllum Trizygia. I'ng.). Mysoriii .and Atncaiiiite from Nellorc dis 
trict. Corundum from Khasi Hills. .Toga neighhourliood and old mines on Nei- 
budda. 

Port ]f.- ' Attock Slate.s ’ and their probable geological position. Maiginal bone of iin- 
described tortoi.se, frrim Upper Siwaliks. near Nila, in T’otwar, Punjab, (teology id 
North Arcot district. Road section from Miirrce to Abbott.abad. 

Vor.. XITT. 1880. 
Part f.—Annual report for 1879. Geology of U])f)er Godavari basin in neighbourhood of 

Sironcha Geology of Ladak and neighbouring districts Teeth of fossil fishes tioin 
Bamri Island and Punjab Fossil genera Noggcvatliia. Stbg.. Noggeratbiopsis. 
Fstin., and Rhijdozamitcs, Rchinalli., in jialn o/.oii' and secondary rocks of Enrojic, 
Asia and Australia Fossil plants fioni Kattywnr, Shekh Badin, and Riigiijah 
Volcanic foci of eruption in Konkaii. 

Part 3.—Geological notes. Palieontological notes on lower trias of Himalayas. Artesian 
wells at Pondicherry, and possibility of finding sources of water supply at Madras. 

}'mt 3.— Kninaun lakes. Celt of pala'olithie tjpe in Punjab. Palteontologieal notes 
from Karhai bari and South Rewa coal-fields. Correlation of Gondwana flora with 
other floras, Ailesian wells at Pondicherry. Salt in Rajputana. Gas and mud 
eruptions on Arakan coast on 12tli March 1879 and in June 1843. 

Pmt tj (oaf of piint) —Pleistocene deposits of Northern Punjab, and evidence they afford 
of extreme climate during portion of that jieiiod. Useful niineiabs of Arvali region 
Correlation of Gondwana flora that of Australian coal-beaiiiig system. Reli oi 
alkali soils and saline well waters Reh soils of Copper India. Naini Tal landslip 
18th September 1880. 

VoL. XIV, 1881 
Part 1.—Animal report for 1880. Geology of part of Dardistan, Baltistan, and neigb- 

bouring districts Siwalik carnivora. Siwalik group of Snb-Himalayan region. 
South Jlewah Gondwana basin. Ferruginous beds associated with basaltic rocks of 
north-eastern Clstcr, in relation to Irdian laterite. Rajmahal plants. Travelled 
blocks of the Punjab. Appendix to ‘ PaluMmlological notes on lower tnas of Hiina 
lavas.’ Blammali.nn fossils from Periin Island. 

Part „^--Nnlian-Siw.alik uneonfurmity in Noitli-Western Himalaya. Gondwana vetle 
brates. Ossiferous l»eus of Hundes in Tibet. Mining records and mining record 
offleo of Great Britain] and Coql and MHalliferous Mines Act of 1872 (England) 
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Gypolite and Okenite from Bombay. By W. a. K. 

Christie, B.Sc., Ph.D., M.Inst.M.M., Chemist, Geo¬ 

logical Survey of India. (With Plate 13.) 

The minerals discussed in this ])a])er, altliougli not rcju’c^eiiled 

until recently in the collections of the (h'olo^ical Siii'vey, liave 

both been recorded before from IndiaT Doubts liavi* lecenlly 

been thrown 011 the authenticity ol many of the speciniens ol okenite 

in European collections “ and the distinctive nature ol the iiiucli 

rarer mineral gyrolite and its near relatives as mineral sjiecies has 

often been called in question.^ It may thereJore be voith while to 

describe the new acquisitions of these noii-ajiiniiiious zeolites. 

Gyro LITE. 

Jn an unnamed collection of minerals fioni the Dircan Jiap oj 

Bombay Island, acquired in lh22 by jmicha.se iioni Mr. .1. llibeiio, 

there is a small specimen ol gyrolite ironi Nowroji Hill ^ (Rl 

72° 53'). It occurs as a mammillary aggregate, the loughly hemi¬ 

spherical parts of which vary in diainetei iioni 0-5 to 1 cm. Hie 

surface has a delicately chiselled ap])earance leiniiuscent oi the 

manner in which hair is rejiresi'iited in sculjiture. Ihe nodules on 

’ Gyiolitc from Pootia : M. JA Ht'fMI*. MdukiI ^ HE 
Mineral. Mitth., XXW .51.'), (190()) .ool Silz. K. Akad ‘ ’ 
123.5,(1907). CornufTiAcsapartml aimlAsis. OlsCDiU tiom I’noiia . S lluiarlit . 

Geul. Sac. Dnbhn, II, 114, (ISOS). -Hith an aiiah.s)'- ,, , , , ,, i m.,.;* \ 
® (). li Bogi^ild, Zl«wjj/.e VidcnAl. S<J'>lob.Maih. Jy-'f ,1’ ’ ’ 

® Cf. F. Cornu, loc cit. 
* Of. map, Rec , Geol Rurv. Ind., LIV, Plate 4, . 1922) 

B 
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fractuie show a series of irregularly overlapping plates, producing 

a radiate structure. The mineral has a perfect platy cleavage, 

thin laminae being flexible but not clastic. The hardness is about 

3. The specific gravity is 2*388-2’390 (acetylene tetrabroniide and 

xylol, The lustre on the yellowish white, mammillary 

surface is dull, on the cleavage faces pearly and shining. The 

cleavage flakes arc transparent to translucent. 
The mineral is uniaxial; cleavage plates sometimes, however, 

show the emergence of two axes with a very small axial angle. It 

is optically negative. For sodium light to = 1*540 ® — 
1'516 ^ *002 (embedding method with mixtures of cinnamon and 

clove oils, controlled with an Abbe refractometer). 

Its composition is as follows :— 

SiOj .')2-00 

AljOa . 0 19 

('aO 

0-29 

3307 

SrO 0-('5 

NajO l)-.51 

KjO . 001 

HjO bolow 107^{' 2-99 

HjO above 107°(' 10-36 

99-8G 

It contains no fluorine. The composition is in reasonable agree¬ 

ment with the original formula of T. Anderson,^ 2 CaO, 3 SiOg, 

3 HgO, with SiOg 52*12 per cent., CaO 32-31 per cent, and HgO 

15*57 per cent. ; it is somewhat nearer to that of F. W. Clarke, ^ 

Ca4(Si207)3H 10. with SiOg 53*51 per cent., CaO 33*17 per cent. 
andHgO 13-32 per cent. 

0. B. Boggild ® has determined gyrolitc as tri-rhombohedral, 

although it appears that the material on which alone measurements 

were possible is held by F. Cornu and A. Ilimmelbauer ^ to be a 

distinct mineral, reyerite. My attempts to ascertain the symmetry from 

percussion and etched figures on cleavage plates were unsuccessful. 

1 Phil. Mag., 4th Ser., I, 113, (1851). 
U. S. Oeol. Surv, DLXXXVIII, 108, (1914) 

^Author’s abstract in Zeiia. f. Kryst., (1911), from Meddchlt-cr otn 
Qronland, 34, 91 ct. soq., (1908), 

* Mineral Mitth., XXV, 619, (1900) and A. Simmelbauer in 0. Doeltiv Hasdbuob 
der Mineralchemie, 11, 471, (DroF.den, 1914). 
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The double refraction is considerably liigber than the only 
value previously recorded,i -0055 (0)=1-5645, £=1-5590), but there 
again the determination was apparently on reyelite of Cornu and 
Himmelbauer, who give for that mineral to =1-564 and an analysis 
resembling that of Boggild’s material. Himmelbauer gives values of 
<■> for gyrolite varying from 1-540 to 1-548. 

The gyrolite occurs with calcite, apophyllite and okenite. The 
calcite gives one the impression of having been the first to crystallize, 
gyrolite nodules being attached to plane crystal faces. Hi in st'ctions 
from other parts of the specimen, however, show tliis ajiparcntly 
abnormal sequence ^ to be illusory ; there calcite is seen to bo 
enveloping and replacing gjTolite. I’rojecting from the gyrolit.e 
nodules and later than them are many crystals of apophyllite (e 
1-536 i*001, positive), showing (100), (001) and (ill), some of them 
double-ended, attached by a prism face. Likewise later than the 
gyrolite and perched on the top of it aie three little tufts of fibrous 
okenite, between 2 and 3 mm. in diameter and v('iy similar to 
that described below. The fine projecting spicules have straight 
extinction, positive elongation and t\ about 1-5*11. In one instance 
okenite spicules are seen penetrating and included in a er}st.al of 
apophyllite. The order of crystallization was probably gyrolite, 
okenite and apophyllite, calcite. 

Okenite. 

The beautiful .specimens of thus minej-al liei-(; described vv<‘rc 
collected by Dr. (J. f8. Fox in 1921 in a quarry in the Deccau 1 rap 
at the north-eastern fool ol Oolangi 11 ill (19 O'; 72 54) ou 
Bombay Island. The okeuite occurs with other zeolites in large 
geodes in somewhat soft, green basalt, jirohably intrusive af a 
horizon of intertrappean, carbonaceous shah's. 

It occurs as an aggregate of fibrous, radial(' nodules iij) to o cm. 
in diameter, whose mammillary surfaces have a delicate, lurry loveiing 
of prismatic crystals ol the same minera', tin* lurry spiculea being 
up to 1-5 mm. in length and vaj}'iiig in thiikncss from 0-001 
mm. to 0’02 mm. The delicate libres forming the bulk f ® 
nodules show a general radiate arrangement, although the n res 

*0/.^.'N.FennLr?.4aa.A;. Y. tcarf Net.. XX. I7.h (l!OU) a.ul'1 • 
Parsons, Univ, Toronto Studies, Ueol. iSfi'., No. li, z'.t N. 

’ 67. map, Eec^ Qeol. Surv. Ind., LIV, I’l. 4, n9i''2). 
B 2 
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are usually finely intOTlaced. This interlocking probably accounts 

for the toughness of the nodules; the inner surfaces of broken 

nodules, however, can be disintegrated easily with the finger nail. 
The fibrous material is pu^e white and opaque, with a pearly lustre. 
The tiny prismatic crystals are lath-shaped and often longitudinally 

striated; they are colourless and transparent. When gently rubbed 
between two glass surfaces they show a perfect longitudinal cleavage 

and signs of a transverse one approximately at right angles to this. 

The specific gravity of the fibrous material is 2*302 (-jo), (specific 

gravity bottle and vacuum). The refractive index of the lath¬ 

shaped crystals is 1-540 in one direction of extinction and 1-542 with 

the lower nicol rotated through 90®—determined in mixtures of clove 
and cinnamon oils at 30®C. m sodium light and controlled with 

an Abbe refractometer. They have apparently straight extinction, 

but individual spicules are so thin that an obliquity of several 
degrees would not be observable. The elongation is positive. 

The fibrous material has the following composition.^ 

Molecular 

ratios. Calculated. 

SiO* . 53-88 

AkOa . 0-08 

FcjOb . 001 

CaO 27 01 •492^ 

SrO 0-27 •003 •' 

•001 ^ 
a 

KaO . 0-06 

Na,0 . 012 

•“
^

 

o
 

o
 

HjO, below 10«“C. 0-36 7 
UjO, above 100° C., 1100 

10006 

i 

•894 

•498 

1-000 

•940 

•470 

■940 

It contains no fluorine. The SiOg is about 3 per cent, low, 

RO is about Ig- per cent, high and H2O about 1 per cent, high 
compared with the theoretical composition of okenite of the accepted 

formula CaO, 2 Si02, 2 HgO, with 56-70 per cent, of Si02, 26-36 per 

cent, of CaO and 16-94 per cent, of HgO. 
The other minerals present are apophyllite and laumontite (see PI. 13, 

fig. 2). The apophyllite is in well developed crystals up to 1-5 cm. square, 

showing (100), usually striated, (111) and (001). The laumontite 

is rather weathered and extremely friable. It has a good prismatic 

^ I am indebted to Profes.sor A. Lacroix for permission to make this analysis in his 
laboratory in the Museum national d’Histoire naturelle, Paris. 
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cleavage and the characteristic (201) cleavage, vjp for sodium 

light is about 1*515^; the optical character is negative. The para- 

genesis is not easy to determine. In thin sections« the okenite 

abres are seen penetrating the apophyllite and certainly seem to be 

replacing it. Again, idiomorphic apophyllites, jutting out of okenite 

nodules are seen, when the surrounding okenite is removed, to have 

lost their idiomorphic character wherever the two mincials are in 

contact, and often the contact persists to the centre of the okenite 

spherules. There is, however, just as dehnite evidence against 

growth by replacement; in a cavity protected from abrasion is a 

small apophyllite crystal with uncorroded prism, pyramid and 

basal plane faces, from which project scores of undoubted okenite 

spicules, firmly attached, showing at any rate that the growth of 

okenite was not incompatible with the persistence of unaltered 

apophyllite (see PI. 13, fig. 3); while on another specimen from 

Nowroji Hill collected by Mr. J. Ribiero, a tiny, perfect crystal of 

apophyllite is seen poised on two needles of okenite. Probably 

conditions did not present an irreversible sequence. With minerals 

so similar in composition a slight change in temperature, in pressure, 

in concentration of any of the components of the system, might 

alter the necessary conditions for deposition of one mineral to those 

for re-solution of that and crystallization of the other, while a 

subsequent change allowed formation of the second without mutila¬ 

tion of the first or even, at a transition jjoint, of siinultaneous cry¬ 

stallization of both. Possibly the presence or absence of fluorine 

was one of the controlling factors. A careful searcli for fluorine 

on 2 g. of okenite by the amended method of Berzelius,"'’ showed its 

absence. 0-02 per cent, was found by the method of F. Pisani,^ l)ut thi'^ 

not qualitatively confirmed. In apophyllite from the same specimen 

0‘94 per cent, of fluorine was found by the Berzelius metiiod. 

.Laumontite appears to be the earliest of the three zeolites being 

found between trap and okenite and sometimes as a nucleus of the 

okenite spherules. 

^ Cf. Tl. S. h&rsen, Amer. Mineralogist, 

* Prepared at ordinary temperature by the vacuum mctluKi o > . • 

ralbl. Min. Geol. u. Pal., li)20, 211. ^ ,w>iq\ 

8 Cf W. F. Hillebrand, Bull. U. S. Oeol Surv., D( C, 222, (1919) 
•a R. Ac. Sci., CLXII, 791, (191fi). 

C^nt, 
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A Frbshwater Fish from the Oil-measures of the 

Hawna Hills. By the late N. annandale, C.I.E., 
D.Sc., F.R.S., F.A.S.B., Director h SUNDAR Lal Hora, 

D.Sc., Assistant Superintendent, Zoological Survey 
of India. (With Plate 14.) 

The fish described in this note was collected by Professor J. W. 

Gregory, F.R.S., at Mepale in the DawnaHills,Tenasserim. Its 
remains are preserved in stiff clay evidently of lacustrine origin and 

associated with the limestone m which the shells ^ from the 

same locality which one of us has recently described were obtained. 

The type-specimen will be returned to Glasgow University. 

The species evidently belongs to the family Cyprinidse and 

we believe to the subfamily Cyprininse, but its characters are 

so distinct that a new genus must be set up for it. We propose 
for it the name ;— 

Daunichthys, gen. nov. 

The head is large and about as deep as the body. It was 

apparently flattened above with the eyes in its upper half. The 

jaws are not suctorial. The body is short and moderately deep. 

Tsxt-fio. 1.—Dorsal and anal finu. 

(a) Dorsal fin; 
(^) Anal fin. 

I, 2, 3 bony spines of the dorsal; l'-12' branched and flexible rays of tba dorsal. 

^ Annandale, JSac. Qeol, Surv. Ind., LV, pp. 97>104, (1923). 
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There are at least 31 vertebrae, of which 13 appear to be caudal 

and the caudal and trunk rej^ions are about equal in lenfftli The 
lateral line runs along the tail below the vertebral cobmm 

The dorsal fin is situat^^d near the middle of the body and is of 

moderate length. There arc at least 15 rays, of which ai)out 12 are 

branched. The last bony ray is stout and strongly serrated in its 

upper two-thirds. The caudal fin is long and deeply notched, with 

the two halves pointed and equal. The ventral lies belov the dorsal 

and has more than six rays, none of which is strongly developed. 

The anal, which is situated behind the dorsal, is of inod('rate length 

and contains two unbranched and 9 branched rays. TIhmv is no trace 
of scales in the specimen. 

DaUNIPHTIIVS fJREOOUTANUS, sp. nov. 

D. 3/12 : A. 2/9 ; V. 7-b; V. 0+; (\ 30. 

The length of the head is contained 3 times in the total length 

without the caudal fin. It is as deep as the body. The greatest 

depth of the body is contained a little over 3 times in the total 

length without the caudal. The dorsal fin was probahly as high 

as the de})th of the body below it. Its first bony ray is short, the 

second of moderate hngth and the third much longer and dee])ly 

grooved throughout its huigth. The branched juys of l}}is fin and 

certain rays of other fins are longitudinally grooved. The pectorals 

and the ventrals are widely se]>aratod and cannot have overlap]H‘d. 

The connnenc(‘ment of the anal is nearer to the ventrals tlusn to the 

base of the cpudal. 

Tho total length of our exanqde is 50 mm., that of the head 

11*2 mm., the greatest d('])th of the body 11 mm., and the length of 

the caudal fin 13 mm. 

Having thus dcscribc'd the genus and the species y<‘ will n(W 

proceed to examine the specimen in greater detail. 

SJcitll and asftociaicd strvetures Tn the region of the head the 

jaw-bones, tho o])crcular bones, the secondary pectoral arch and 

the bones of the brain-case can be distinguished after caiefiil cMimina- 

tion, but the other bones have beer completely broken up. It 

seems, however, quite probable that there was a complete circum- 

orbital ring for traces of it can still he made out. Of the jaw-honcs, 

the lower jaw is broken in the middle longitudinally, while the 

d^ntary of the unex]^osed side, which is also visible, is fnrthci bro en 
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into two pieces. The maadllaries are represented by nodule-like 
bones at the top of the premaxillary, which is closely approximated 

to the dentary. From the direction of the jaws, which are directed 

Tbxt-itig. 2.—Bones of the jaws, operculum etc., and the anterior modified vertebrae. 
d= dentary; mx^maxilla ; p. mx <= premaxilla ; p. o. = preoperculum ; t. o.»- 
interoperculum ; «.<>■• suboperculum ; o. —operculum ; p.f^ pectoral fin ; p.c,= 
post clavicular process ; c.==cleithra; ip* = transverse process of first vertebra; 
/p2=transverse process of second vertebra ; ip*—transverse piocesB of fourth 
vertebra; fi —rib of first vertebra; r®=rib of fifth vertebra; = rib of sixth 
vertebra; «==scaphium; t. 1. =intero8sicular ligament; /-= frontal; p*= parietal; 
5, o = supraoccipital. 

almost vertically upwards in the specimen, it is evident that the 

mouth-opening must have been directed obliquely upwards as in the 

living Caila. The four opercular bones are quite clear and are 

well developed. It seems to be quite clear from the position of these 

bones that they have been detached from the jaw-bones post mortem 

and have been pushed backwards and downwards by external 

pressure. The secondary pectoral arch is complete and well develop¬ 
ed. It is not emarginate anteriorly, but exhibits a somewhat 

primitive form of the cleithra.^ The rib-shaped post-clavicular 

process of the secondary arch is also well marked. Lying alongside 

the posterior border of the cleithra is a rib-shaped structure, which 
in all probability represents a rib of the first vertebra, for we know 

of no other similar structure in this position in the living fishes. 

‘ Pcgan, 4nn. Mag. Nat. Eial.^ (8) VIIT, p. 28 (1911). 
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The bmn-oase ie cracked in several places, but the snprsoccipital 
tihe parietal and the frontal can be made out. 

Vertebral Column :~In considering the vertebral column of » 
Cyprinoid fish the chief interest lies in the modification of the anterior 
vertebrae.^ This fossil specimen is unique, so far as we are aware 

in having a rib of the first vertebra distinct and well developed.’ 
The existence of a separate distinct first rib is a very primitive 
character, but even in living forms the first vertebra possesses a 
well developed transverse process and in Calla catla this is usually 
an elongated rib-like structflre, reaching to about the middle of the 
transverse process of the second vertebra. The scajihium and a 

portion of the inter-ossicular ligament of the weberian ajiparatus 
are also seen in our specimen slightly above the origin of the 

rib of the first vertebra. All the trunk vertebrae are covered with 
skin and muscles and it is difficult to make out their exact structure. 
Those of the tail region are very clear and are exactly similar to the 
tail-vertebrae of such fishes as Labeo rohifa, Barbus tor and Catla coila. 
The skeleton of the caudal fin is also similar to that of these species. 

Integument.—We can find no trace of scales either detached or 
in situ, but the lateral line is (juite clear in the anterior half of the 
body and can be traced along the caudal peduncle. It lies below 
the vertebral column and has a slight downward curvature anteriorly, 
while on the tail it seems to have been nearly straight and to have 

run parallel to and just below the vertebrae. 
Affinities of Daunichlhys:—^ ‘om what has been said above it is 

abundantly clear that the new genus belongs to the family (Jyprinidae 
and probably to the subfamily Cvprininae. The following com¬ 
bination of characters, however, distinguishes our new genus from 

all living and fossil genera of the family. 
The anal fin is provided with 9 branched rays and does not 

extend to below the dorsal; the lateral line runs below the v^ertebral 

column and in the tail it was probably situated in the lowei half 
of the body ; the dorsal fin possesses 12 branched rays and 5 si)ines, 
the last spine is deeply grooved longitudinally on the right side 
and is strongly denticulated posteriorly and the body is entire y 

scdilclcss 
In its general facies Daunichthijs gregorianus resembles certain 

species of the genus Barbus {s. 1.) and in its up-turned inout t ose 

1 Efora, Journ. Aa. Soe. Bengal, (n. a.) XVIII, pp. 1-4 (1922). 
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of Catla. Neither Barbus nor Catla, however, possesses more than 

six branched rays in the anal fin and both are provided with well 

developed scales. 

A deeply grooved dorsal spine is characteristic of certain living 

scaleless North American genera of Cyprinoid fishes such as Meda 

and Plagopterus. In these this spine is, however, composed of two 

rays, “ the posterior received into a longitudinal groove of the 

anterior.”^ In the only scaleless Cyprinid fish of the Oriental 

Region (Sawbum resplendens ^ from the Southern Shan States) the 

dorsal spine is not grooved and is normal in every respect. 

In the following table are given some of the chief characters in 

which the fossil C3rprinid genera of ihe Oriental region are distin¬ 

guished from one another. Of Ihe other fossil genera of the family,* 

some are known from America and others from Euro])e. Most of these 

are either described from the remains of the pharyngeal bones and 

teeth or are characterized by the possession of a long dorsal fin 

without an osseus spine. In none of these in whidi the dorsal fins 

are preserved, are the rays grooved hke those of Dauniclithjs. 

The Geological Survey of India has recently received from a 

boring in the Tenasserim coalfield at Kawamapyin, Mergui, certain 

samples of clay very similar to that in which DmmMijH is jireserved. 

They were obtained at a depth of 208 fe(*t. They contain fish 

spines, which at first sight are very similar to the last bony ray of 

Daunichthys, but closer examination shows tliat they differ in not 

being grooved as well as minor charadcTs. It is impossible to 

assign them to any genus or famdy with certainty, but they are 

probably from a dorsal fin of a Gyprinid. 

^ Jordan and Evormann, Boll. U Wat. XLMl, Pail 1, p. .328 (1896). 
* Annatulalo, Rcc. Jiul. XtV. ]>. 48 (191S), 
* For an up-to-date list of toseil geneia of the family Cypdiiidae sec names in 

itaJioB in Joidan’s Clamjicatitn of Fi<^1ic9, pp. 139-144 (Stanford Umveisity, 
(California : 1923). 
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On a Fossil ampullariid from PooSjch, Kashmir. 

By B. Prashad, D.Sc., Officiating Superintendent, 
Zoological Survey of India. (With Plate 15.) 

SOME opercula of a Gastropod mollusc recently sent me by 
Mr. D. N. Wadia, Assistant Superintendent, Geological Survey 

of India, consist of beautifully preserved and cleaned specimens of an 

extinct species of apple-snails of tbe genus Pachylabm Swainson. 
The occurrence of a species of this genus so far north in India is of 
great interest. 

The genus Pachylabra ^ is, at the present day, represented by a 
number of species all over Peninsular India with the exception of 

Hyderabad, in Assam, Burma and the greater part of the Gangetic 

Plain. In the Gangetic Plain the range of distribution is limited 
by a line uniting Lucknow to Aligarh and then running south-west 
through Bharatpur and Ajmer in Central India to midway between 
Bombay and Ahmedabad in the Bombay Presidency. In spite of 

careful collecting at different times, I have failed to find specimens 

anywhere round Delhi, above Lucknow in the United Provinces, or in 

the Punjab and Kashmir. The fossil opercula brought back by 
Mr. Wadia from the Kashmir territory point to a greatly extended 
range of distribution of the family in former times. This is sub¬ 

stantiated by the subfossil specimens of the opercula of an Amjmllariid 

discovered in the Salt Range of the Punjab some years ago by the 
late E. Vredenburg. Unfortunately none of these specimens is now 

available for comparison and description. 

The fossil opercula from Poonch, Kashmir, represent an undes¬ 
cribed species for which I propose the name Pachylabra prisca. 

The orerculum of P. poUta (Deshayes)—a species from Tonkin, 

Cambodia and Indo-China—was described by Houssay ^ in detail and 

the operculum of P. prisca resembles it in essentials, but differs in 
certain well-marked characters. It is also different from that of the 

common Indian species P. globosa (Swainson), which I figure here for 

comparison. 

^ See Preston, Fttano Brit. India Freshw. Mollusca, pp. 9G-103 (1916), and Kobelt, 
Martini and Chemn. Conch. Cab. (ed. Kuster and 'KdbeXt) Ampullariidae, pp. 71-106, 
(1912-13). 

* Arch, Zyol. Exfer. Qen. (IJ ser.) II, p. 232, pi. zi, figs. 4, 10,11 (1884). 
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The operculum of P. prisca m a concentric, patelliform, calcareous 
plate of somewh^ pyriform shape. The nucleus, which is only to 
be made out ^'n the external surface, lies near the middle of the lilate 
quite close to the inner margin, and is surrounded by 7 to 8 rings of 
growth, which may correspond to the age of the individual. Internal 
to the nuclear area is the narrow nearly straight region, which as 

has been shown by Houssay, is secreted by the posterior part of’the 
foot and consists of vertical plates lying one over the other. Exter¬ 

nally this region in P. pnsca is much narrower than the corresponding 
one in P. globosa. The area external to the nuclear region is secreted 
by the anterior part of the foot of the animal and is laid in hori¬ 
zontal layers ; it is this region which increases in size with the age 
of the animal and shows the regions of growth. Internally the 
nuclear region is not distinguishable and its place is taken u]) by an 
ovoidal area for the attachment of the opercular muscle. The 
muscle is mainly attached to a depressed narrow area along the 
margin and in the centre there is a smooth raised region. In P. pmea 

as compared with P. globosa the ring of attachment is more excavated 
and extensive, while the central smooth region is more raised and 
convex. The opercula of P. prisca, compared with those of P. 
globosa, as seen in photographs of the side views of both species 
reproduced in Plate 16, figs. 2b, 36, are very much thicker and consist 
of many layers. This appears to indicate that they })elong to a 
species which lived in areas liable either to desiccation and a long 
dry season or to a long cold winter, in which it was necessary for the 

preservation of the species to close the mouth of the shell tightly. 
Type-specimens'.—In the collections of the Geological .Survey oi India. 
According to Mr. Wadia, the thick calcareous opercula were 

found in situ in soft, grey, micaceous sandstone interbedded with 
bright brick-red clay-shales similar to those characteristic of the 
Lower Siwalik (Chinji) series, about miles south-west of I’alandri, 
in the bed of the stream below Phalian village and some 200 yards 
north of the junction of the Palandri stream. The exact liorizon 

of these beds is in course of investigation by l)r. Pilgrim. 
The Gastropod remains were associated with relics of a rather 

varied vertebrate fauna found in the same vicinity within a few 

yards, including :— 

Cheiron&ryx silistoensis,—molar and pre-molar. 
Rhinoceros mandibular ramus with 1 premolar and 2 molars. 

*1 
incisor fragments. 
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, Chdonia—large number of scutes and plates of the carapace and 
skull-bones. 

Crocodilia—^bones and limb-bones. 
Snake—vertebrae. 
Fish—^vertebrae. 
.4 opercular. 

EXPLANATION OF PLATE 15. 

Figs. 1, la.—Outer, and inner views of the operculum of the type-specimen of 
P. prism, sp. nov. 

Figs. 2, 2a, 2b.—Outer, inner and lateral views of another operculum of the 
same species. 

Figs. 3, 3a, 3b.—Outer, inner and lateral views of the operculum of a specimen of 
P. globosa (Swainson) from Calcutta. 

All the figures are direct photographs of the opercula and with 
the exception of 2b are of the natural size of the specimens, 

Fig. 2b is enlarged twice natural size. 
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On a Calcareous Alga belonging to the Triplo- 

poT^llc-c^ {^DdsyclcuidCBdi) from the Tertiary of 

India. By John Walton, M.A., Lecturer in 
"Botany, Manchester University, (Witli Hlatc i6.) 

The name Triplojiorellea^ wus ghon I)y OltmaimiO to a grt)u]) of 

fossil alga3, represented by the siuglt' geiuis Tiiplopoirlla, wlucb 

he considered to be a snb'division of tlie fiuuily Dasychuharw. Tlie 

Siphonocladiales (which incliide the Dasyckiducea') dilTiM- ])rimipally 

from the other divisions of tlie Chhoophytra ((i!re('j> Algie) in being 

infretiucntly septate ; and when se])tatu)n occurs it is (piit(‘ nnlep- 

endent of nuclear divisioii, the segments containing several nuclei. 

Generally in this group tlie more frequently se])tation occuis iJu- 

greater is the number of branches and tlie complexity of tlie thallus. 

In the Dasyclculacew there is a strict symmetry in the organisa¬ 

tion of the thallus. There is a large axial segment, wliich bears 

closely ])laced branches arranged in whorls; these again may bear 

smaller branches. The thallus in many of the genera is encrusted 

with calcium carbonate. Among the subdivisions of tlu' Dasy- 
cladacecB the Dasycladece and BorncteUcce are among living types 

the closest to the TriploytorellecD which Oltrnauns regards as inti*r- 

mediate to these two groups. 

The material on wliich the following description is based was 

sent to Prof. Seward by the Director, Geological Survey of fndia, 

together with descri})tivo notes and illustrations by IVlr. B. K. Gupta, 

Sub-Assistant in that Department ; it w^as collected by the lale 

Mr. Vredenburg from the Ranikot Beds in Sind, which are correhitt'd 

with the lower Eocene of Europe. The material coiisist.s of siweral 

separate segments of a narrowly ovate shape (FI. J(>, tigs. J, 2, 15, -I), 
rhose that are complete vary from 4-5 mm. in length and liavc a 

maximum diameter at the broadest end of 2*5 nmi. 
In shape the segments resemble those of Ovnlitcs margantula 

Lamarck sp.,- a branching calcareous alga, from tlie Lower and 
Middle Eocene of France, Hungary, Belgium, and Italy which 
Munier-Chalmas ® considered to be generically identical with leni- 
cillus {Coralliodendron, Kutz.). Whatever the relationships of 

^ Olttnanm, 19t)4, p. 277. 
® Lamarck. 1816. (See Seward, 1898.) 
* Munier-Ciialmas, isSO. 
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OvuUtes may be, our fossil is certainly not allied to PenmUihs, 
one of the Codiacece, but must be ascribed to the family Dasy- 

cladacecB and to its subdivision the Triploporellew, (Oltmanns).^ 
Nevertheless the occurrence at both ends of the segment of depres¬ 
sions suggests a jointed habit such as is found in the recent genera 
Penicilluff and Halimeda ^ of the Codiacew and in CymopoUa ® one 

of the genera of the Bornetellem {Dasycladacece). Mr. Gupta pointed 
out that there are two depressions at the larger end of one of the 

segments (PL 16, fig. 5) and this may be taken as additional evi¬ 
dence of a dichotomous type of branching such as has been described 
for OvuUtes. This segmented branching habit is not known 1o 

occur in the other two members of the TriploporellecB. In both 
Stemmann,^’ ^ describes club-shaped ])lants with no indication of 
any continued proliferation of the axis. However in Triploporella 

Fraasi, Bteinmann,® (Upper Cenomanian) a very long segment is 
figured with slight constrictions. It may be that these constric¬ 
tions are foreshadowings of the definite jointed structure found in 
CymopoUa and in our Tertiary form, for which the specific name 

ranikotensis is proposed. In longitudinal section each segment is 
seen to consist of a single siphon, the diameter of which is very 
nearly one-third the diameter of the segment as represented in the 

fossil. From this central siphon lateral branches are given off in 

whorls (PI. 16, figs. 8, 9). The section shown in fig. 9, which is 
transverse to the axis of the segment, passes in a median plane 

through each of the 15 branches. It will be seen (figs. 6, 10, 12) 

that the members of successive whorls are usually alternate. The 
primary branches, the lower portions of which are shown m 

figs. 8, 9 are marked out by the different nature of the cal¬ 
careous matter of the fossil between the branches of the first order. 
This calcareous matter may confidently be assumed to represent the 

sccreBLon of calcium carbonate on the exterior surface of the cell- 

wall of the axial siphon and its primary branches; the calcium 
carbonate deposit is white and opaque whereas the carbonate which 

fills the lumen of the siphon and its first-order branches is fairly 

transparent. The preservation is not good and it is doubtful whether 

^ Oltmanne, 1904, p. 277. 
* Oltmanns, 1904, p. 296. 
* Oltmanns, 1904, p. 276,170, 3. 
* Steinmann, 1880. {T. Frcuiai). 
‘ Steinmanii, 1903. (T. Bemesi). 
* Ste.amann, 1880, Fig. 1, p. 138. 
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one, can distinguish.- tKo pores which must have existed between 
the axial siphon and its laterals. The amount of weathering to 
which the surface of the segment had been subjected determined 
the features seen on the surface. In fig. 12 the pattern on the 
surface of the two uppermost whorls (x) is due to the fact that the 
weathering has extended for some distance inwards from the outer 
ends of the branches of the first order which are therefore seen in 
transverse section {cf. fig. 6). In the next three whorls (tig. 12, //), 
three or more darker patches are seen superposed on the eiul oi 
each first-order branch {cf figs. 2, 3). These represent the lumen 
of the second-order branches, the lighter network rcinesentiug the 
calcareous deposit on the extremity of the first-order branch rouiul 
the bases of the second-order branches. 

Below this zone the hexagonal outlines of the first-order branches 
are lost to view, and the finer meshed network (z) which is seen 
represents the calcareous deposit between the second-order bran¬ 
ches the lumena of which are presented by the slight depressions 
{cf. fig. 1). The organic calcium deposit is a])parcntly more resistant 
to weathering than the filling material. The number of second- 
order branches from each first-order branch seems to vary from 
2 to 7 in the specimens. In fig. 11 is seen a first-order branch 
rather shorter than usual, with the basal calcified portions of two 
second-order branches surmounting it. It has not been possible 
to distinguish with any certainty the presence of sporangia in this 
Indian specimen ; occasionally, however, there arc suggestions that 
the first-order branches functioned as s])orangia, as in Triplopordla 
Fraasi and Remesi. In fig. 9 there is a ga]> at (a) where three branehos 
have not been preserved. There arc also indications of small sx)he,- 
rical bodies at the base of one. It is jiossiblc that the end jiortiou 
of the wall of the sporangium was not calcified and hence the spor¬ 
angium was not preserved. Other examples of the absence of 
certain members of a whorl of first-order branches of the siphon 
have been observed (fig. 4, h). 

In general habit Triploporella ranikolenais must have resembled 

Goralliodendron {OvuUtes) margaritula Lamarck sp. and it is to bo 
« 1.. 141. A, remarked that they are both of Loctnic 

Relationship of the Alga. tt oJ l ie age. However, on examination oj 
relation of the lateral branches to the axial siphon in the sig 
ments of Triploporella ranikotensis it is seen that it is dilhiint 
from any plant described under the name of CondlKHUndion oi 

0 



216 Hecords of the Geological Survey of India. [Vol. LVl. 

Ovulites and that the forms with which it most closely agrees.are 
those found in the Dasycladacew. On the whole the shapes of the 

first-order branches arc very like those of Triploporella, and the 
arrangement of the second-order branches is also similar to what 
is found in that group. Among the large number of forms elegantly 

illustrated and described by Pia^ there are a few genera in other 

groups than the Triploporellece (Olt.) in which the first-order bran¬ 
ches are of this shape; e.g., Goniolina geometrica Roem. sp., which 

Pia groups with Triploporella in the Triploporellinece, and Petrascula. 

It must be noticed tooth at in Cymopolia {Bormlellew) the thallus 
had a jointed structure, so that in this respect we have another 

point of contact with that group. As regards the structure of the 

branches of the first-order and the number of the branches of the 

second-order our species certainly resembles Triploporella {T. Fraasi 
and T, Remesi) very closely. 

It resembles T. Remesi Stein, most closely in the number and 

arrangement of its second-order branches and T. Fraasi Stein, 
as regards the shape of its first-order branches. 

The dimensional relationships between the three species, and 

one variety, of Triploporella which have been described are tabu¬ 
lated below:— 

Triploporella . 

SpecieB. T. lit ?ticsi, 
Stein. 

T. Frutitti, 
Stein. 

T. Fraant, 
var. minor, 

Stein. 

T. nm‘- 
kutensis, 
sp. nov. 

GeoJoyical Ajjte . . Jurassic Oretaceous Cretaceous Tertiary. 

Outside dimonsiuus of segraenth 

(a) Length 15 mm. . 15 nun. 3*5—5-0 ram. 

(6) Diameter . . 4 fx 1-5—2 5 ^ ^^ fX 

(c) Number of Ist Ordinary 
branches per wliorl. 

34—50 . 15—20 

{d) Thickness of IstOrdinary 
1.'ranches. 

0‘3—0*5 mm. 0’3 ram. 0-20—0-25 
mm. 

0-35—0-45 
ram. 

(c) Number of 2nd Ord¬ 
inary branches per Ist 
order branch. 

3—5 3 3—7 

ipia, 1920. 
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On arranging tlie species in order of antiquity it appears that there 

lias been simplification of the vegetative portions of the plant, in 

particular in the number of first-order branches in a whorl. It 

must, however, be noted that this is what one Avould have cx])ccted 

if the size of the first-order branches remained the same and there 

were a reduction in the circumference of the segment. The con¬ 

stancy in size of the first-order branches is an interesting feature. 

It is suggested that this may bo correlated with the fae.t that in 

Triploporella Remesi and T. Fraasi, as we know definitely, the 

first-order branches functioned as sporangia and as such might bo 

expected to be more conservative as regards shape and size than 

purely vegetative organs. 

Diagnosis. 

Triploporella ranikolcnsis, sj). nov. 

TLallus probably ai-ticulate, segments ovoid to couvcal, Jii trans¬ 

verse section circular. The extremities of the segnuoits are rounded. 

The broader, upper extremity has a larg(i de])ression ; the lower extje- 

mity a smaller depression. Average length: 5 imu. Dianuder of 

transverse section at broadest part: 2 2-5 mm. Ihestg mints con 

sist of a central axial sijjhon with closely packed whorls of lirs - 

order branch-siphons. The diameter of the axial sq)hon at any 

particular level is approximately onc-third the diameter of t 

segment at that level. The first-order branches occur 

of 15—20 and are roughly cylindrical but 

at the sides by contact with one another. 1 e 

these branches arc filled with calcium J'. | 
plant. There are deprea.iona on the out.do wind, 

bases of second-order branches which arose, 

the end of each first-order branch. 

Locality.—Sind, India. u’nrooel 
//<,n»«.-Eanikot Bods. Tortiaiy. 

In conoluaion, I take the opporturntyf J 

to Prof. Soward of Cambridge lied 

carrying out of this investigation a wkich have hceu used 
very nLful notes and photographs some of whicli 

in this account. c 2 
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EXPLANATION OF PLATE. * 

Trvph'porclla ranikotensis, sp. nov. 

{Photos. 1, 3, 4, 5, 6 and 7 by B. B. Gupta. Photo. 2 and drawings 8,9,10,11,12 
by J. Walton.) The original specimens are with the Geoloigcal Survey 
of India, Calcutta. 

1. Photo, of a segment covered with the small depressions which correspond to 
the bases of the 2nd order branches, x 8. 

2. Photo, of a segment, weathered a little deeper than that in fig. 1, showing the 
ends of the 1st order branches outlined faintly by lighter ridges seen clearly 
at (&). Above the middle the 2nd order branch depressions are seen in 
distinct groups (c) corresponding to the underlying 1st order branches. X 8. 

3. Photo, of a differently shaped segment with much the same type of structure 
visible as at (c), fig. 2. X 8. 

4. Photo, of a segment just above the middle; one of the 1st order branches has 
not been preserved and is represented by a hole (h). Basal depression, (d). 
X 8. 

6. Photo, of larger end of a segment with a double apical depression. X 8. 
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6. Portion of a segment weathered deeper and showing the 1st order branches 
in section. X 8. 

7. Photo of a longitudinal section of a segment median at the lop, tangential at 
the base. X 8. 

8. Drawing of a similar but accurately median section, x 16. 

9. Drawing of a cross section of a segment in the state of that lepresenled in fig. 6. 

(fl) cavity formed by the non-preservation of three 1st order brnnehes 
(sporangia ?). X 16. 

10. Drawing of segment with tangential slice removed. I'iiewlunled arrange- 

ment of the 1st order branches is evident, x JO. 

11. Drawing of a portion of segment sliced longitudinally and ladially showing 
rather shorter 1st order branch with basal portions of tv o 2nd order hranehes. 

X 16. 
12. Drawing of terminal portion of segment shoving different stages of weathering. 

The region (®) corresponds to tlie state of weathering in fig. 0, (y) to that in 

dg. 2, and (2) to that in fig. 1. X 16. 
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Froth Flotation of Indian Coals. By W. 
Randall, M.Sc. 

INTRODUCT ION. 

The cleaning of coal by froth flotation is a development of 

the processes known to, and extensively used by, the metallifeT-- 

ous mining industry for some years. It has been successfully applied 

on a large scale in several countries. During the past two years 

many of the coals of India have been examined and I am now able 

to give an indication of the Y)ossibilities of applying froth flotation 

to the treatment of Indian coals. 

The advisability of cleaning a coal depends upon the result¬ 

ant balance between the value of the advantages to be gained by 

cleaning, and the cost of treatment. The fact that Indian coals 

ha^^e not yet been cleaned on a commercial scale is due, therefore, to 

one or more of the following reasons 

(a) The coals are of sufficiently high grade for the purposes 

for which they are used. 
(6) The nature of the coals does not allow of a useful amount 

of cleaning being done. 
(c) The coals are clcanable, but the processes available hitherto 

have been found to be incapable of treating them suc¬ 

cessfully on a commercial scale. 

Regarding (a), general interest in froth flotation is evidence that 
the development of a process for cleaning Indian coals is desirable. 

For special purposes, particularly those of the metallurgical industries, 

there is a demand for high class coals. The supplies of these 

are not unlimited, and unless coals of lower grades can be cleaned 

the present indiscriminate use of the unknown reserves of high 

grade coals is a serious matter. In addition to work on this very 
important aspect of coal-cleaning, attention has also been given 

to the possibility of improving the quality of what are now regarded 

as first class coals. 

Referring to (6), it is widely known that a large proportion of 

the ash of most Indian coals is inherent or occurs as part of the coal 
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substance. Some of the coals are praotioatly homogeneous aurt aro 
therefore not cleanable by any physical process. 

On the other hand, many of the Indian coals arc heterogeneous • 
and in these cases (c), the advisability of cleaning dej)(*nfls on tlie 
result of a balance between advantages and costs. The former 

are determined by the purposes for which the coal is suitable, aiul 

by the extent to which it can be cleaned in ])ractiee. Tlu'se factors 
depend fundamentally on the constitution of tlu' coal. 

In testing samples of coal from various sources it has Ix'en found 
that the constitution of a parcel varies with the following factors 

(а) Its origin, i.e. the field, district, and seam. 

(б) Whether it is representative of the whoh* or only jiavt 
of the seam. 

(c) Whether it is “ run-of-mine,” or a “ screen ” ])roduct. 

{d) Whether it has been ])icked or washed. 

Hence the history of any sample submitted for t(‘sts is very im¬ 
portant. Attention has been given only to sam])ies lalcf'u by res¬ 

ponsible persons. Samples of run-of mine coal have been obtained 

directly from working faces. Data concerning the sections and the 
rejection of shale or other bands have been noted. Sam])leH of screen 

products have been obtained by special tests on tramloads of coal 

cut as samples from the coal faces. 

Constitution of Indian C(iALS. 

Most of the Indian coals occur in thick scams, and the propor¬ 

tion of shale bands in the seams is usually v(Ty small. The shale 
bands found in the seams are rarely less than 2 inches in thicknesM 
and are therefore easily pickable. Hence th(‘ ]n'oj)ortion f)f the 

ash of picked run-of-mine coal due to shale is in most cases negli¬ 
gible. The bulk of the ash is due to the inferior constituents of the 

coal itself. 
M. Stopes ^ in an important paper, has dt'seribod the consti¬ 

tuents of the bituminous coal of Hamstead Colliery, near Biiining- 

ham, England. The publication of this paper did much in diiettmg 
research on coal towards the investigation of its constituents i.it ui 

' On the Four Visible Ingredionta in Randcd liitummmis 
position of Coal, No. 1. Dr. Marie StopcH. Pw. //«-?/ 

p. 470. 

)" t lid If 
S( 111“ 

. ill <lif Com- 
n, Vo'. XV, 
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than towards that of the coal as a whole. The following is an ex¬ 
tract from the publication:— 

“ Essentially the present contribution to the subject consists in the explicit 
recognition not of more “ dull ” and “bright ’’ bands,but of/owrdistinctive and 
visibly differing portions forming the mass of an ordinary bituminous coal; and 

the demonstration of the fact that these four portions can bo recognised and 
separated from each other both macroscopically, by hand, and microscopically 

in thin sections; and that, further, those four portions react so differently to 
certain simple chemical treatments as to indicate that their chemical molecules 

should be substantially different from each other. . . . 
These four distinguishable ingredients, all of which, in varying quantities, arc 

to be found in most ordinary bituminous coals, I name provisionally as follows 
(f) Pusain.—The equivalent of “ mother of coal,” “ mineral charcoal ” etc,, 

of various authors. 

(II) Durain.—The equivalent of “ dull ” hard coal of various authors, the 

“ Mattkohlo ” of Germans, etc. 

(III) Clarain."^ —Together the equivalent of “ bright ” or glance coal of vaii- 
( ous authors, the “ Glanzkohle ” of Germans. Somefimes the 

\ “ bright ” coal of an author seems f,o bo the vif rain only. 
(IV) Vitrain. —(Conchoidal fracture, brilliant in appearance.) 

•••»••• 
The appearances of the four ingredients with the nahed eye i.o. their 

macrosco2nc appearances. 
Fusain occurs chiefly as patches and wedges, somewhat flattened parallel io 

the bedding plane, and often with rather square-cut ends. It consists of powdery, 
readily detachable, somewhat fibrous strands. The orientation of the fibrous 
structure tends to be lengthways in relation to each wedge, and the various wedges 
on a bedding plane lie at various angles to each other, so that in any given light 

some appear dull and some glisten according to the direction the light catches the 

fibres. 
The fusain is readily separated from the rest of the coal (which is all firmer 

than it in texture) by delicate scraping with a blunt knife, when the short, fibrous 
strands and small, sharp-pointed, irregular fragments fall freely on to a paper laid 

so as to catch them. 
Whore, as may happen, a thick wedge of fusain is contiguous with a true vitrain 

band, the fusain may appear as though embedded or sunk in the vitrain. , . . 
The fusain can then be entirely scooped out, leaving exposed on the vitrain the 

hollow in which it lay, the surface of this vitrain hollow being curved and 
smooth. The contact surfaces of both clarain and durain with fusain, however, 

are much less precise, and an impression of the fibres of the fusain is generally 

left on the harder durain or clarain after all the friable detachable fibres of the 
fusain have been removed. 

Durain occurs generally as bands of very variable thickness, and when seen in 
a face at right angles to the bedding plane, they appear parallel to it, though, if 

traced far enough, they generally reveal their ultimately lenticular shape. Widtr 

bands of comparatively pure durain are less common, but bands, 2, 3, or more 
inchoa thick are often sharply differentiated from the adjacent streaky brigh 

clarain. 
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Durain is hard, with a close, firm texture, which appears rathei gmuular oven 

to the naked eye However straight the break across it, the bioken face is never 
truly smooth, but, if looked at closely, always has a finely lumpy or matte 

. Generally, even in the dullest of durain bands a few (or many) fleekro; 
hair-like streaks of bright coal are to bo seen. ^ ^ 

The intercalation of narrow bands of durain and elarain tends to merease at the 
junction of the broad “ dull ’’and the broad “ bright ” bands, so thaf theie is no 
large surface of contact between them which is sharp cut and well detined, even 
the purest elarain and the purest durain tend to have ravelled edges, which’ inter¬ 
lock. . . . 

Glarain occurs generally as bands of very variable thickness, and when seen 
in a face at right angles to the bedding plane th(‘y appear jiarallel t o it. Lik(' dura in 
bands, they are ultimately widely extended lenticular masses. Claiain, even u lu n 
considerably streaked with durain, has a definite and smooth surface when broken 
at right angles to the bedding piano, and these faces have a iironounced gloss or 
shine. This surface lustre is seen to be inherently banded, as well as to have bands 
of fine durain intercalated between its own bands. . . . 

Vitrain occurs as definite rather narrow bands, in some instances straighter 
and flatter than the other bands of coal, and in some instances more «)bviouHly 
lenticular. True brilliant vitrain bands are often markedly uniform in thickness 
for o insiderable distances, and are commonly from about 2 mm. to 2 or 4 mm. up to 
0 or 8 mm. thick, but are very seldom much more than 8 to 10 mm. thick. The 
limiting layer between the vitrain and the contiguous elarain or durain is gimeiallj 

sharply marked and is often clean-cut definite surface. ... A single brilliant 
band does not exhibit the fine banding detectable even in the brightest of 

elarain, butis a coherent and uniform whole, brilliantly glossy,indeed vitreous, in 
its texture. The compact vitreous band may split up readily in the fingers to 

small cube-like segments, but more generally they break irregularly when 
forced, as with a pen-knifo point, when the curved irregular faces have well- 
marked oonchoidal fracture. . . . As was mentioned in connection with fusain, 

the contact—surfaces of vitrain with the other ingredients of coal tend generally 

to be well defined with a firm, hard and glassy face.” 

Examination of a Jharia coal shows that it contains the consti¬ 
tuents defined by M. Stopes. The proportion of fnsoiii is usually 
small, and, like that of the English coal, its analysis vaTios. Ap¬ 
proximate ash contents, at various definite specific gravities, of the 

more important constituents, are as follows :— 

Specific Gravity. Ash 
I)er cent. 

Constituent 

1-2G 1 Vitrain. 

1-30 fi elarain. 

1-36 10 elarain. 

1*40 in Claiain. 

1-46 20 Durain. 

IGO 25 Durain. 

1-60 40 Durain 
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The proportions, and differences in physical properties, of the 

constituents determine the extent to which the coal can be cleaned 

by a perfect practical process. Tests at various meshes show that 

to set free the constituent bands of Indian coals it is necessary to 

crush the coals to about inch. 

Since ash percentage and specific gravity rise together, separa¬ 

tion by heavy liquid gives a perfect separation suitable for use in a 

laboratory examination of the constitution oi samples. This will 

be recognised as the well known “ float and sink ” test, but to 

avoid any possibility of confusion with froth flotation I prefer 

to use the term “ separation by heavy liquid,” or “ heavy liquid 

separation.” 

Cleaning Processes. 

It will be seen from the above remarks that any cleaning process, 

to be effective, must be capable of separating the constituents of 

the coal after it has been crushed to about inch. The factors 

available for utilization are :— 

{a) Differences in surface properties of the constituents. 

(5) Differences in specific gravity of the constituents. 

(c) Differences in any other physical properties of the constituents. 

The possibilities of successfully applying the known coal clean¬ 

ing processes may now be considered. 

Gravity Washers. 

The fact that there is no marked difference in specific gravity 

of the constituents of Indian coals, and the necessity for fine crush¬ 

ing, are reasons sufficient to explain why no gravity washer has been 

able to treat these coals on a commercial scale. 

Heavy Liquid Separation. 

This gives a perfect separation which is of value in the laboratory 

examination of samples, but the process is too expensive to allow 

of its being applied on a large scale. 
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Trent Process. 

In the Trent process ^ the coal, ground very fine, pri'ferahly to 
— 200 mesh, is mixed with water, and a hydrocaibon oil added 
at the rate of about 33 per cent, of the weight of ilio coal. The 
oil and coal form an agglomerate which separates from the water, 
while the free ash-forming constituents of the coal remain suspended 
in the water. It is necessary to add enough oil to fill all the voids 
between the coal particles, thus substantially excluding the watei ; 
the agglomerate may, however, contain 10 i)er cent, of water- The 
agglomerate is a plastic mass which could not be used as a substi¬ 
tute for hard fuel. It is claimed, however, that the oil can be dis¬ 
tilled from the agglomerate, leaving the pure coal behind. The 
large quantity of oil required, and the ex]iense of rccowring this 
by distillation, are serious handicaps to this piocess. So kr as 
l‘am aware, the process cannot be used to separate ^hc vitram and 

clarain from the inferior durain. 

The conclusion seems justifiable, therefore, that froth flotatmn 

is the only one of the known coal-cleaning processes capable of 

application on a commercial scale to tlie treatment of Indian coals. 

Froth Flotation. 

The determining factor m the operation of this proem is d 
cnees in surface properties. The separation is mdepondint of diffir 
cnees in suriace ^ p Particles of coal of all sizes uji to alioiit 
onces m that Indian coals must lie l“h^rta constituent ^ it 

cap the efficiency of the process. Hence 'c p ijrteniiined liy 
froth flotation to the treatment of Indian coa^s^^. 

their conatitution, the 

financial considerations. 

differences in 

» Trent Patents {Briti«h) 

183,430 
11)1,230 
ir)9,4‘i7 
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The process, and the operation of a plant, may be briefly de¬ 
scribed as follows:— 

Fig. 1.—General view of a Froth Flotation plant for the 
SEPARATION OF COAL. 

The coal, along with about four times its weight of water, suffi¬ 

cient to form a mobile pulp, is fed continuously into the first mixing 

box of the p'ant. By the eddition of a small proportion of a froth¬ 

ing reagent the air entrained by the agitation produced by an im- 

pellor forms a multitude of minute air bubbles in the pulp. Tlie 

pure coal particles, owing to their surface properties, are not wetted 

by water, and air bubbles become attached to them. The aerat('d 

pulp passes through a slot into the first froth box, where, the puli> 
coming to a state of comparative rest, the air bubbles with llieir 

loads of coal particles rise to the surface and form a dense cohereJ't 

forth which is removed by the paddles. The remainder of the pnl]^ 

passes from the bottom of the first froth box, through a conneri- 
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ing pipe, to the s^nd mixing box, where it is again agitated ami 
aerated, after which it passes to the second ffoth box A coiinner 
cial scale plant consiste of about eight mixing boxes and corre¬ 
sponding eight froth boxes arranged alternately in series The 
circulation of the pulp is illustrated diagrammatieally m lignre 2. 

Fiq. 2.—Showing ofeuatinu details oi the Froth Flotation plant 
FOR TilB SEPARATION OK COAL. 

The first froth boxes recover the highest grade coal, and the later 
boxes the poorer grade material. The remainder is discharged 
from the bottom of the last froth box. Hence, by a suitable arrange¬ 
ment of receiving laimders, one or more ])roducts may bo made 

as follows :— 
1. If the froths from all eight boxes are received by one launder, 

two products will be made :— 
(а) Clean product of high grade. 
(б) Remainder of no value. 

2. If the froths from the first boxes are received liy one launder, 
and the froths from the later boxes by another launder. 

three products will be made — 
(а) Clean product of high grade. 

(б) Middle product. 
(c) Remainder of no value. 
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The clean coal fr^h, as removed from the flotation plant, con¬ 

tains about equal weights of coal and water. A method of de¬ 

watering this froth has been developed by Messrs. Minerals Separa¬ 

tion, Limited, and, as it has been successfully applied on a large 

scale in England and France, the patentees have kindly supplied 

the following notes: 

“ In relation to the dewatering of coal concontratoR, the method to be rocom- 

raouded depends on whether it is desirable to make the concentrates into durable 

briquettes to be subsequently used as fuel, or merely to prepare the concentraiefe 

for subsequent eoking. In any case, the treatment depends on the fact that, when 

the coal particles have been superfieially coated with a thin layer of tar or the liLe, 

their surfaces are no longer wettable by water. As a consequence, the water en¬ 

tangled amongst the particles can be readily pressed out, leaving a product whieii 

is relatively free from water. 

In the briquetting process, soft pitch in a molten condition, or a molten mix¬ 

ture of tar and hard pitch, is sprayed into the concentrate pulp, which may conlain 

equal weights of coal and water, the pulj) being agitated meanwhile. As a com-e- 

qucnce the particles become superficially coated with a layer of binder and, on 

raising the temperature of the pulp to about 60°C.100°C-, an intense flocculation 

is produced. If the flocculated pulp is pres.sed in a mould provided with meniih 

for the water to escai^e, a hard durable briquette, containing less than 10 i>er cent, 

of water, is produced. If the briquette is allowed to stand for a few hours, the con¬ 

tent of water drops to 4-5 per cent. 

If the coal concentrates arc* to be dewatered in preparation for faubsiKiueni cok¬ 

ing, the coating of the coal particles and then flocculation can be elTected in cold 

circuit by the addition of tar, preferably in the form of an emulsion. The floct u- 

latcd coal can be dried by pressing in moulds or by drainage on a porous belt; or tlie 

water can be pressed out between two porous belts which run between rollers.” 

For laboratory flotation tests, results of which arc given later 

in this paper, a machine consisting of one mixing box and one froth 

box, and which is therefore discontinuous in operation, is used. 

The conditions arc essentially similar to those of the commercial 

plant. Results approximating to those of the perfect separatiou 

have been obtained on many Indian coals, and equally good results 

could, presumably, be obtained in large scale operation. 

The possibility of commercially cleaning Indian coals is not 

limited therefore, as hitherto, by practical difficulties, but by the 

financial aspect of the matter. The scope of froth flotation is de¬ 

termined, not by its ultimate capabilities, but by the constitution 

of the coals available for treatment, and by the effects of supply 

and demand. 
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Cleaning op Indian Coals porjDoking. 

The nature of the coal, whether coking „r non-coking, detonuiues 
the uses for which it is suitable. The jiurposes iov which tlie coal 
can be used determine the advantages to be gained by clcaiiim^ 
The treatment of coal for coking presents the greatest advantages. 

Coking coals are those of which tlie better eonstituents are 
strongly coking, and the inferior constituents are weakly coking 
or non-coking. In the first-class coking coals the proportions of 
tlie constituents are such that the coal gives a satisfactory coke. 
In the second class coking coals the ])roportions of the constituents 
are such that the coal gives a weak coke of high ash content. Sonic 
of the more inferior coking coals are of such quality that they may 
be regarded as commercially non-coking. The dilhuence is mcn'ly 
one of a difference in the proportions of the constituents. Flota¬ 
tion can concentrate the better constituents, vitraiii and clarain, 
and eliminate the higher-ash non-coking ones, durain and fusain. 
Hence the proportion of clean product, of a quality suitable for cok¬ 
ing, which can be separated, depends only on the (piality of the seam 
and its heterogeneous nature, i.c. its cleauability. Flotation clean 
jiroducts from second class coking coals have given cokes of e.K- 
cellent quality, and one of the largest iron and steel works in India 
has expressed the opinion that they are as good as can lie desi red. 

Flotation, or any other process, cannot sf'parate a coking jiroduct. 
from a coal which does not contain any coking constitufuits 
India has large reserves of sub-bituiniuous non-coking coals. Tlndr 

high moisture contents are an indication of the fact that they are 
constituted of vegetable products much less altered than is tlie ca-.e 
in the coking coals. The constituents of these sub-bitiiminou.'^ 

coals are all non-coking, and for this reason the coals are incajiable 

of being cleaned to yield coking products. 

Cleaning op Indian Coals pok BuiQUErriNo. 

In general the most inferior constituents of the Indian coals, 

although of fairly high ash content, have calorific valiu's ol .),00() 
to 7.000 B. Th. U. For this reason cleaning of the Indian coaks 
cannot appreciably increase their calorific values, and, unless tlie 

conditions are exceptionally favourable, cleaning for briquetting ivill 

not be profitable. 
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Results op Flotation Tests. 

The better constituents are floated first, and in the later boxes 

of the plant the froths are of increasingly inferior qualities. Hence 

the percentage of clean product from any particular coal determines 

the quality of the product. Results are set out to show this varia¬ 

tion, and the quality of the remainder is also indicated. For the sake 

of simplicity only two products are given, but the question of whether 

two or three products should be made must be decided in particular 

cases when the specific requirements can be taken into consideration. 

The coals tested may be divided into five classes : 

I. Coking coals of Jharia, Bokaro and Barakar. 

II. Non-coking coals of the Raniganj district. 

III. Coking Tertiary coals of Assam. 

IV. Non-coking coals of the Central Provinces, Bihar and Orissa. 

V. Non-coking Tertiary coals of the Punjab and the North- 

West Frontier Province. 

Coals which have not yet been tested will probably fall into one of 

these five classes. 

I. Coking coals of Jharia, Bokaro and Barakar. 

These are coking coals from Jharia, Giridih, Bokaro, and the 

Barakar area of the Raniganj field. 

Typical analyses are as follows :— 

• • • • • • 15 20 25 per cent. 
Moisture • • • 10 0-8 0-6 „ 
Volatile Matter • « • 24 23 22 
Fixed Carbon • • « 60 66 62 

Jharia. 

Results obtained from face samples, representative of run-of 

mine coal, are set out below :— 

Ref. No. 236. *‘17 Seam” Jharia area. Ash 12'7 per cent. 

Clean ijroduct . r 
i 

Weight 

Ash 

60 

7-8 

70 

8-4 

75 

8-8 

80 

9-2 

85 

9-7 

90 per cent 

102 

Remainder .-j 
r 
L 

Weight . 
• 

Ash 

20 

26-7 

15 

29-6 

10 per cent. 

36-2 „ 
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Ref. No. 1067. **15 Seam'' Jharia area. Ash 136 per cent 

• 
r Weight . 60 70 76 80 b6 

Clean product . < 90 poi cent. 

1 Ash 0-6 7-6 
1 

8-0 8-4 
■ 1 9-2 

liomaiuder . < 
Weight . 40 H 25 20 16 10 por cout. 

1 Ash 24-1 31-6 36 0 53-2 „ 

Ref. No. 601. ** 15 Seain'' Jharia area. Ask 14'5 jfer cent. 

■1 Weight . 60 70 76 80 8o per cent. 
Clean product 

■ Ash 9-7 10-4 10-8 11-3 no „ 

r Weight . 40 30 26 20 15 per cent. 
lloinaindur . ^1 Ash 21-7 241 260 27-3 , 

1 
1 

31-0 

Ref. No. 237. “ 18 Seam,” Jharia area. Ash JO’3 p<r cent. 

( Weight . W 70 B 80 85 j>ei ei'et 
(’lean product 1 Ash 9-4 10-5 B 11-6 V2-2 

r Weight . 40 30 25 20 15 ])ei ceiit. 

llemaiiider . •{ Ash 26-7 29-S 31-8 ! 35-0 39-4 

Ref. No. 438. **14 Seam,” Jharia area. Ash 10-0 per cenl. 

Clean product 
m Weight . 60 

1 

70 75 80 86 per cent 

i 
11-5 

i 
121 ■1 Ash 10-1 10-7 111 

Ueinainder . 
m Weight . 40 30 26 20 16 ]>ei' cent. 

37-0 42-0 ■1 Ash 26'3 30-4 331 

D 
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Ref. No. 437. *^12 Seam,'* Sijua area. Ash 17'0 per cent. 

Clean product 
Weight . 

Ash 

GO 

10-8 

70 

11-5 

76 

11-9 

80 per eent. ‘ 

12-4 „ 

Remainder . 
Weight . 

Aali 

40 

26-3 

30 

29-8 

25 

32-3 

20 per cent. 

35-4 „ 

Ref. No. 646. “ 16 Seam," Jharia area. Ash 17-0 per cent. 

Clean product 
Weight 

Ash 

GO 

10-2 

70 

11 7 

75 

12-G 1 

80 per cent. 

13-4 „ 

Remainder . .-j 1 Weight . 

Ash 

30 

32-7 

25 

33-8 

20 jjer eent. 

35-4 

Ref. No. 1049. “ 13 Seam," Jharia area. Ash 18-0 per cent. 

Clean product 
Weight . 

Ash 

GO 

10-5 

70 

11-5 

75 

12-0 

80 ])er cent. 

12-7 „ 

Remainder , .< 
Weight . |M 30 25 20 i>or cent. 

[ Ash mi 33-2 3G-0 39’2 ,, 

Ref. No. 1068. “ U Seam,” Jharia i area. Ash 18'2 per cent. 

Glean product , J" 
Weight . GO 

1 
70 

1 
1 75 1 80 per cent. 

ll Ash 11-6 12G 13-2 13-8 „ 

Retuaiiuler . ,S 
Weight . 40 30 25 20 cent. 

\ Ash 28-1 31-3 33-2 35-8 
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Ref. No. 604. “ 11 ” and “ 22 Seam." Jharm area. Aeh 
19’0 per cent. 

Clean product 
C Weight . GO 70 75 80 per cent. 

Ash 12-3 13-2 13-7 143 .. 

Keinaindor . 
r Weight . 40 30 25 20 per cent. 

Ash 20 1 32-5 35 0 37-8 „ 

Ref. No. 1045. "13 Seam” Sijua area. Ash I9’4 per cent. 

r Weight . GO 70 B 80 ])or cent. 
Clean i^roduct A 

L Ash 1 *>»•> 13-3 14-5 

RD 40 30 B 20 per cent. 
Remainder . 

30-J 33G 3()-2 39 0 

Ref. No. 430. “ IS /Siam,” fSijua area. Ash 19‘9 per cod. 

GO 

131 H H 80 per cent. 

I59 

r Weight . 40 30 25 20 j)er cent. 
Remainder . .< 

Ash 301 32-5 340 35-9 

Ref. No. 603. “ 13 Seam,” JJiaria avea. Ach 204 per cent 

f Weight . 
Clean product . 4 

L Ash 

GO 

11-9 

70 
1 

12-8 ■ 80 per cent. 

]3-9 

r Weight . 40 30 2> 20 per cc'iit. 

Remainder . .< 
1 iVsh 

! 
32-4 371 40-5 4o^v ft 

.. o 
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Ref. No. 571. “ 16 Seam;’ Sij'oa area. Ash 21-I per cent. 

^ Weight . 00 70 75 80 i)or cent. 
Oloan product 

Ash 14-:} 15-6 10-3 17-2 

40 30 26 20 per oent. 
iiemaindcr . dDl 31-3 33 0 35-0 30-8 

Ref. No. 605. “ 10 Seam;- Jharia area. Ash 2hH per cent. 

00 70 75 80 per cent. 
Clean product 

10-3 17-3 17-9 18-4 

1 C Weight . 40 30 25 20 per cent. 
Itoiuainder . ) ® 

Ash 301 32-3 33-5 35-4 

Ref. No, 552. “ 16 Seam,” Jliaria area. Ash 22’4 per cent. 

( 00 Bl 75 80 per cent. 
Uiej-u product .< 

lls H 14-7 
1 

15-9 

f 40 30 25 20 per cent. 
Ueiaaludcr . .< 

1 Wm 38-3 42-8 45-5 48-4 

Ref. No. 1050. “ 14 Seam,” Sij'ua area. Ash 23'4 per cent. 

Clean product 
Weight . 00 70 g 80 per cent. 

Ash 15-6 16-8 
HH 

18-0 

r 40 30 25 20 per oent. 
Itetnainder . .< 

35-3 38-8 41-3 46*0 „ 
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Ref No. 1048. ‘*15 Seam” bottom , Sijaa area. yish 28-4 per cent. 

Clean product 
Weight . 

Aflh 

no 

2()-2 

70 

21-9 

i.'i 

22-() 

so |)<'i cent. 

2:m 

Remainder -<1 
Weight . 

Ash 

40 

40-7 

.to 

43-r, 1.7-8 

20 |)(>i' erni. 

4S.4 

The above results are from face Ram])loR, of nm- 

of-rnine coal, and are arranpjcd in tJie 07d(*i' of iiicrcasinti; iisli-cout(“iit 
of the coal. Some seams are more homogeneous, ami, llierefon*, loss 

amenable to cleaning than others. Ivun-of-mine coal of nuiny 
seams, of quality up to about 20 j^er cent, ash, is capable of 

being cleaned to give a large product of a quality suitable for 
coking and a correspondingly small remainder of practically no 
value. Run-(»f-mine coals of more than 20 per cent, ash, because^ 
of their inferior constitution, are generally incapable of giving a 

large percentage of a product suitable for coking, and in these eases 
preferential crushing of their better constituents is of great in\portance. 

Preferential crushing of viteain and clarain. 

During mining and subsequent handling, coal breaks along ladding 

blanes, along cleavage planes, and other directions of fra< tur('. Tlie 
hettei constituents, vitrain and claiain, are more friable tlian the 

parder and inferior durain. Vitrain is also freciucntlv intersected bj 
joints. For these reasons nearly all the fractures j>arallel to liic 
bedding planes of the coal are through bands ot Aitiain. TIence 
the slack of run-of-mine coal corrtains a larger j)eicentjige of I lie 

better constituents than does normal run-of-mine (oal Ironi the same 

seam, and for this reason it is more amerrable U) cl(‘aning. Ibis i‘' 

shown by the following results of flotation tests. 

Ref. No. 3. “ 14 Scam,” JJigria an 

Clean product 

tl<*mainder 

f Wc'iglit . 

"h Ash 

f Weight . 

k Ash 

Rvn-i rfminc. /f.s// l5-0 verceni 

70 80 jirr < fill. 

10-7 lS-7 

30 20 por (Tnl. 

27-0 31-2 
1 
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Ref. No. 2J3. *^14 Seam,’* same colliery as above —J inch Slack. 

Ash 13‘1 per cent. 

C Weight . 
Clean product 

Aah H 
70 

8-2 

80 

9-3 

90 per cent. 

10-7 

40 30 20 10 per cent. 
Remainder • .< 

21-f. 24-6 28-3 34-7 

Ref. No. 6. “ IT Seam,” Jharia area. Rnn-of-mine. Ash 18‘5 

per cent. 

GO 

12-4 

^ 70 

13-2 

80 

140 

per cent. 

f * 

f Weight . 40 30 20 per cent. 
Remainder . 

Ash . ! 270 
i 

30-9 30-5 »» 

Ref. No. 218. *^17 Seam” same colliery as above —| inch Slack. 

Ash 16d per cent. 

60 

7-5 

70 

8-4 

80 per cent. 

100 

f Weight . 40 30 20 per cent. 
Remainder , .< 

Ash 29-0 j 34-1 
i 

40-0 
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Ref. No. 821. “16 Seam," Sijua area. Face sample. Ash 18-7 
per cent. 

(iO 

105 

70 

12-1 B 80 ]HM (lOtlt. 

13-7 „ 

r Weight . 40 30 25 1 
Remainder . 

t Ast .31-0 341 3G-0 38-7 

Ref. No. 820. '‘16 Seam,"' .^ame collienj as ahnne — A inch Slack. 
Ash 14-6 per cent. 

00 

7-0 H 
1 

75 

8-4 

SO 

9 0 

85 p(>r oenl 

9-7 

r Weight . 40 30 m 20 15 p«'r r('nt. 
Remainder . 

k Ash 25-8 2n-‘) :i2-8 30-5 11-7 

These tests show that — I incli slack, i.c., the ])ortionof the riin-of- 
mine coal which will pass through a screen of J inch aperture, is 
more amenable to cleaning than the aggiegate run-of-niinc coal 

from the same scam. 
From the above results it will be seen that the practice of using 

slack for brick burning or as boiler fuel and, frequently at the same 
colliery, of crushing run-of-mine coal for coking is wrong. Slack 

should be cleaned for coking. 
This preferential crushing of the better constituents can he 

carried - a stage fuither. The —A inch slack produced during mining 
may be about 10 to 15 per cent, of the coal mined. Coals which are 
not sufficiently amenable to cleaning to be commercially cleanable 
as run-of-mine coal may be utilized in the following manner, hurtlur 
preferential crushing may be obtained by ])reaking the run-o -mine 

coal to about 1^ inch in a toothed roll type of crusher. I iu 
coal, screened on say I inch, will give rubble ( I j* inc i, d me i 

suitable for boiler firing, and “ fines ” (—i inch) which m.iy >c < 
for coking. Results obtained in this manner from a tram oa 

cut as a face samiile are given below : 
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Ref. No. 552. *‘16 Seam,” Jharia area. Run-of-mine, unpicked. 
Ash 22-4 per cent. 

Crushed to — inch, screened on 1 inch aperture screen, this 

Weight Ash 
per cent. per cent 

Clean — 1J inch. + 1 inch 37-2 2M 

Reject —IJ inch. + 1 inch 5-2 57-8 

• • — 1 inch 57-0 201 

Rubble, hand-picked 

Fines (Ref. No, 551) . 

Crushed to —If inch, screened on ^ inch aperture screen, the 

same run-of-mine coal, Ref. No. 552, gave the following products : 

Rubble, hand-picked 

Fines (Ref. No. 550) 

Clean 
Reject 

Weight Ash 
per cent. per cent. 

- 1.1 inch -h J inch 67-3 21-4 
— l^inch + 1 inch 5-2 57-8 

. - A inch 37-6 19-2 

It will be noted that hand-picking of material smaller than 1 
inch has not been attempted, and that the analysis of the material 

picked out, ash 57-8 per cent., is an indication of the fact that there 

is sufficient difference in the appearance of the clean rubble and the 
rejected pieces to allow of picking by unskilled labour. 

The word “ fines ” is used in the special sense of meaning the 

portion of the crushed run-of-mine coal which will pass through a 
screen of the aperture indicated. It will be noted on page 236 that 
a similar product from uncrushed run-of-mine coal is called “ slack”. 

Hence, fines is made up of slack plus small material produced by 
mechanical crushing subsequent to mining. 

Tests have been done on both 1 inch and I inch fines for com¬ 

parison. The greater cleanability of fines is shown by the following 
results of tests :— 

Ref. No. 552. ** 16 Seam” Jharia area. Run-of-mine, unpicked. 

Ash 22'4 per cent. 

Clean product 
r 
i 

L 
Weight . 

Ash 

00 

11-8 

70 

13-7 

75 

14-7 

80 per cent. 

ir»-9 

Remainder . 
r 
i 

Weight . 

Ash 

40 

38-3 

30 

42-8 

25 

46-5 

20 per cent. 

48-4 
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Ref. No. 551. —1 inch Fines. Sec p. 238. Ash 20'J per cent 

Clean product .-j ! 
Weight . 

Ash 

(50 

10-2 

70 

11-8 1 80 

13-8 

85 per rout. 

1 » 

1 f: Weight . 40 B 
Remainder , f 1 Wm !•> ]MT OOlll,. 

1 Ash .'14-9 42:5 19-3 „ 

Ref. No. 550. inch Fines. ,See p. 238. Ash JO 2 per ce^ii 

Clean product { Weight . 

Ash 

00 

9-5 

70 
i 

110 

m 
D 

SO 

12-5 

• 

85 ]U'r cciil. 

13-2 

Reraaindor . .{ 
Weight . 40 30 25 

1 
15 poi ccul. 

Ash 33-8 38-4 tl-7 4<)-n •It) ,, 

These results show that a seam, which may not bo commercially 
cleauable as run-of-mine f’oal, may be crushed to give rubble for 

boiler-firing or for general purposes, and fines cleanable for cohuig. Tlu* 
tests done are sufTicient to prove the a])]dieability of the suggestion. 

Further details, such as the amount of crushing to be done and llie 

mesh of the screen to be used for separating the rubbJ(‘ and flues, 
may be determined by further tests in special cases, when tin* jairli- 
cular conditions and the financial details of the ]m)position can Ij<' 

taken into account 

Giridth. 

As Giridih is a small field of good ciuality coal, samples hav<‘ 

not been tested. 

Bokaeo. 

Kargali Seam. 

The Kargali seam is a coking coal, which is capable ol 

cleaned as shown by the following results i 

being 
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Ref. No. 356. Kargali Seam,, Face sample. Ash 22'3 per cent. 

Clean product r 
i 

Weight . 

Ash 

— m CO 

15-8 

70 per cent. 

17-0 

Remainder 

r 

L 

Weight . 

Ash 

50 

30-2 

40 

32-1 

30 per cent. 

34-7 

Ref. No. 402. Kargali Seam {same colliery as above) 
~ I inch Slack. Ash 20-6 per cent. 

Clean product .i| r i 

r 
L 

Weight . 

Ash 

50 

9G 
60 

10-6 

70 

11-7 

76 

12-6 

80 

13-2 

86 per cent, 

141 „ 

Remainder . 
Weight . 

Ash 

60 

31-6 

40 

35-8 

30 

41-4 

25 

450 

20 

50-2 

15 per cent. 

57-3 

Ref. No. 815. Kargali Seam, Top Section. Face sample. 

Ash 20-9 per cent. 

Clean product 
r 
i 

Weight . 

Ash 

50 

110 

GO 

12-4 

70 

14-0 

75 

14-8 

80 ])er cent. 

J O •> 

Remainder . 
r 
i 

Weight . 

Ash 

50 

30-8 

40 

33-7 

30 

37-0 

20 per cent. 

42-5 „ 

Ref. No. 811. Kargali Seam, Top Section. —inch Slack. 
Ash 17'1 per cent. 

Clean product . 
Weight . 

Ash 

60 

7-7 

GO 

8-6 

70 

90 

75 

10-3 

80 

110 

86 per cent. 

, 11-7 

Remainder . 
Weight . 

Ash 

60 

2G-6 

40 

29-8 

30 

34-6 

20 

41-5 

15 percent. 

47-0 „ 
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Fef. No. 817. Kargali Seam, Bottom Section. Face sample 
Ash 25'2 per cent. 

Weight . 6 
Clean product 

Remainder 
■ { 

Weight . 50 40 :U) 25 20 pci cetd. 

Ash . 33-9 36-2 39 0 40 8 42 2 

Ref. No. 812. Kargali Seam, Bottom Section. - I inch Slacl. 
Ash 22'8 per cent. 

Clean product 

Weight. 50 GO 70 75 80 pc cud. 

Ash . 11-2 12-7 14-3 151 h.n 

f Weight . 50 40 30 25 20 p<-i <-c>l. 

Remainder . ^ ^o.o 45-8 50 0 

The above results show that slack (rom the KurKali sea... i» 

amenable to cleaning. The clean vroduc* from (lie Karg.nh coal 

has been made into coke of excellent quality. 

Bermo Seam. 

The coal of this seam is very homogeneous. Heavy liquid 

separation shows that it is incapable of being cleaned. 

Babakar abba op the Ranibanj Field. 

The coals obtained from the f,,,J^;‘7.q”™.r^enb 
Raniganj field, have a moisture content of !c^ ■ __ 

and are coking. Results of tests on face samp > g 

Ref. No. 257. JjaiMih Seam. Ash 11-0 per i(ttU- 

Clean iiroduct 

Remainder 

Weight . 1 00 70 7.0 so S7 ... 

Ash . 10-4 IM !'■= " 

An td ‘>5 1”''^*"^ Weight . 40 30 

Anh . 19-4 20-7 21-5 - __ 
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Ref. No. 258. Ramnagar Seam. Ash 13'6 fer cent. 

r Weight . 1 

Clean product .< 
C. Ash 

70 

8-6 1 

76 

9-2 

80 

9*8 

86 per cent. 

10-6 „ 

40 30 26 20 16 per cent. 

22-6 26-3 26-8 28-8 3M M 

Ref. No. 260. Ramnagar Seam. Ash 16-7 per cent. 

60 

10-8 

70, 

12-0 H 
80 

131 

])or cont- 

u 

f Weight . 40 30 26 20 per cent. 
Remainder , .-i 

Ash 25-G 27-7 29-3 3M *9 

II. Non-cokino coals of thp: Raniganj field. 

A typical analysis of coal from the Barakar stage of the Damudn 

series in the Raniganj field is :— 
Ash . . 17 per cent. 
MoiHturc . 4 ,, 
Volatile Matter 113 

Fixed (Carbon 46 

Very few samples from these beds have been tested. The coals 
which have been examined are non-coking and are incapable oi 
yielding coking products. On account ^of the fairly high calorific 

values of the inferior constituents of the coals, cleaning for general 
purposes is not likely to be profitable. 

III. Coking Tertiary coals of Assam. 

The Tertiary coals of Assam are coking. They have very low 

ash contents, and their chief impurity is sulphur. A typical analysis 

of the coals is as follows:— 

Ash 

Moisture 
Volatile Matter 

Fixed Carbon 

2 per cent. 

1 
44 

63 • I 

Sulphur 2 per cent. 
100 



243 
Part 3.] Randall : Vmh flotation of Indian Coals. 

The occurrence of the sulphur has bceu invosticatel H is 
found to be fairly evenly distributed throughout the coal sui.stauce 
This is shown by the following results of heavy Uguid sepu.“l 

Eef. No. 401. 

Specific 
Gravity of 
licpiid on 
whioli it 
floats. 

Sijecific 
Gravity of 
liquid in 
which it 
sinks. 

1-235 

Tlie .weights of those portions, separated by liquids of vaiious 
specific gravities, with their analyses, are shown under the heading 
“Direct.” The weights and. analyses of those jiortions obtui/ied in 
the above direct manner, arc successiv^ely combined in tJiat ]>art of 

the table headed “ Cumulative.” 
A better separation than the above is not possible by any jdiysical 

process. It is concluded therefore that the Assam coal cannot be 
cleaned. Mixed with Jharia coal the Assam coal gives a satisJactory 

coke, but the difficulties of mining and the gicat distance from tbe 
iron ore deposits are factors which have to be noted Avhen the 
Assam coals are being considered as possible resei ves of coking 

coal. 
A specimen sample, Ref. No. 313, from another collieiy, is even 

more homogeneous and has the following analysis . 

Ash . 

Moisture . 

Volatile Matter 

Fixed Carbon 

1-2 per cent. 

1000 

Sulphur . •2 per cent. 
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IV. Non-COKING coals of the Central Provinces, and Bihar 

AND Orissa. 

Pencil valley. 

These coals are all of the sub-bituminous, non-coking type. A 

typical analysis is as follows:— 

Ash . 

Moisture . 
Volatile Matter 

Fixed Carbon 

19 per cent. 

b M 

29 
46 

The coals contaiu a very small proportion of vitrain and are 

profusely banded with fusain. Vitrain picked out by hand has the 

following analysis :— 

Ref. No. 359V. 
Ash . . ..... 

Moisture . ..... 
Volatile Matter ..... 
Fixed Carbon ..... 

0-8 per cent. 

10-9 „ 

In the test for volatile matter the vitrain gives a weakly fritted, 
non-swollen residue. The other constituents of the coal are entirely 

non-coking. Hence tlie coal is incapable of being cleaned to yield 

coking products. The constitution of the coals is shown by the 
following results of heavy liquid separation ; 

Ref. No. 359. Face sample. Ash 20'8 per cent. B. Th. U. 

10,500. 

Sporifiu 
Gravity of 
liquid on 
which it 
floats. 

Specific 
Gravity of 
lj()uid in 
which it 

sinks. 

Direct. Cumulative 

Weight, 
per 

cent. 

Ash, 
per 

cent. 
B. Th. U. 

Weight, 
per 

cent. 

Ash, 
per 

CCJlt. 

B. Th. U. 

1-50 — 650 12-6 11,700 650 12-6 11,700 

1*67 1*60 16-4 28-4 9,000 81-4 16-8 11,200 

— 1-57 18-6 42-9 7,660 100-0 20-8 10,600 

The poorest of the constituents have fairly high calorific 

values. For this reason cleaning for general purposes is not likely 
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to be PJofitoWe. Further the surlaco lueperta. el eenstituenlB 

are sueh that an unusuaUy large prepertieu „f rcageuU. ie rS 
to secure flotation of the Letter constituents. 

Sasli ; Ghugus ; Tiilsi, Bifirmiipur 

Ihese coals are all of the sub-bitiiminoiis, noii-eokiiig tyjj« and 
are considered to be not profitably cleanable. 

Talchir. 

The seams bcin^ worked arc of excellent quality. Tlie coal is 

sub-bituminous and is incapable of being cleaned to yield coking 
products. 

Bliuihjar KJiad, Daltonyanj. 

Ref, No. 405. 

Aloisturc . ....... 

Vulatile JMattci’ ....... 

Fi.\eil Cat Itori ....... 

J'J-5 IM’l K ill 

(»•(> ,, 

:u>!i 
i:!() 

This is a siib-liituminous coal and is entirely non-coking. 

It is of interest to note that another saiujile. Kef. No. 400. fioin 

Dcbi Rai Khad, which js in the same distiict as lihiidyar Khad, 

has a remarkably ditl'creiit constitution and indicates that coal oi a 

more highly bituminous natuic may be found in tJiis area ; the 

analysis of this sample is as follows ;— 

Ref. No. 400. 
A.wh.t'l'i 

Mnihtuie . . . . . • • . . J'.i j, 

Vdlatili' Mutter *^0’' >» 

J*"i.x.cd Carbuu ” 

The coal contains a small jiiojiortion of vitrain wliich is stiongly 

coking. It is not commercially cleanable lor coking because the 

proportion of coking constituents is very small. 

Karanpvra. 

This field was not sufficiently devcloi)ed to allow of representative 
samples being taken. Examination of specimens Irom Soutli Kman- 

pura shows that the coal from this portion oi the lie t is ■ n 

minous and non-coking. 



2^6 Records of the Geological Survey of India. [VoL. LVI. 

V. Non-coking Terhary coals op the Punjab and North-West 

Frontier Province. 

Maidan Range Coalfield, Punjab. 

below :— 

0 per ceut. 

4 
43 „ 

47 

100 
Sulx)hur ... 4 per cent. 

Results of heavy liquid separation are as follows 

A typical analysis of coal from this field is given 

Ash . 

Molsturo . 

Volatile Matter 

Fixed Carbon . 

Ref. No. 645. Face Sample. 

S])epifio 
Gravity of 
liquid on 
whiuh it 
fluatii. 

Spocilic 
Gravity of 
liquid in 
which it 
siukti. 

1 Direct. 1 Cumulative. 

Woif'ht, 
per 

' cent. 

Ash, 
per 

cent. 

Sulphur, 
per 

cent. 

Weight, 
per 

cent. 

Sulphur, 
per 
cent. 

1-40 88*4 1*9 "1 88*4 1*9 
y 4*0 

1-60 1-40 01 0*0 j 94-C 2*1 J 
— 1-50 6-5 16*0 100*0 

i 

4*0 4*6 

These figures show that even the better constituents of the coal 

contain a fairly large proportion of sulphur. Hence no cleaning 

process can give a product containing appreciably less sulphur than 

does the run-of-mine coal. The coals are non-coking. 

Eastern End of Salt Range, North-West Frontier Province. 

Seven samples from this field have the following mean 

analysis i— 

Ash 23'G per cent 

Moisture ......... 5*0 „ 
Volatile Matter.34*6 ,, 

Carbon.36'8 .. 

Sulphur 4‘6 percent. 
1000 
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The coab are sub-bitummous and are entirely uon-cokin... 
Besulte of examination by means of heavy liquid separation of a 
typical sample are set aut below :— 

. Ref. N0. 647. Face sample. 

Specific 
Gravity of 
liquid on 
which it 
floats. 

Specific 
Gravity of 
liquid ill 
which it 
sinks. 

Dikkct. t'l jMULATIVK 

' 4 

Wei^^ht, 
per 

(‘tMli. 

Ash, 
f.or 

cent. 
1 

1 

Sul|ihur, 
P<'r 

cent. 

Weiiflil, 
licr 

CC-Jlt. 

Adi, 
per 

Cl’lll. 

Suijilmi', 
pel 

1-.50 — d»-2 7-() 1-8 
1 

r.u-2 7-(; IK 

1-57 1-50 4-2 2.')-7 2-8 7,‘{-4 K-(! 1 y 

1-57 2n-o rj8-7 11-8 1000 2I-U 4-.* 

This result shows that the constitution of the coal allows of a 
useful amount of cleaning being done. Klotation tests indicate that 
the coal may be cleanable, but that tlie consumption of leageiits will 
be exceptionally large because of tiie natiu’c of the surface properties 
of this type of sub-bituminous coal. For this jcason clciuning may 
not be profitable and the necessary research has Jiot been undertaken. 

The present relative im])ortauce of the coals dealt with in tiiis 
paper can be gauged from 'Jhbles 6 and 7 from the Records ol tJie 

Geological Survey of India, Vol. LV, ])]). 174-175, which give the 

outputs of Gondwana and Tertiary coal in India respectively. 

Cost of treatment. 

The following estimates of costs have been jirepared from data 
supplied from England suitably amended suit Indian conditions. 
The operating charges include ])OA’cr at 0-5 anna per unit, lahour, 
supervision, flotation reagents, renewals, amortization, an<l royalty 
to Messrs. Minerals Separation, Limited. The figures arc for a arg< 
plant designed to treat run-of-mine co.d giving a clean pro uct 

dewatered for coking. For simplicity it has been assume tiat le 

remainder, or tailings, will be worthless, and that a cos s ^ arc 

charged to the output of clean product, 
£ 



^48 Records of the Geological Survey of India. [VoL. LVl. 

Wbiout pbk oemt of Clean Pkoduot. 

60 CO C6 70 76 80 

Cost of feeju. 

(Hupoes per ton.) 

Cost of Clean PKonnoT. 

(Rupees per ton.) 

3 . ■M m C-0 — 6-3 4*9 — 

4 . 9-0 81 7-5 7-1 6-6 0-2 5-9 

6 . 11-6 9-7 9-1 8-6 8-0 7-6 71 

6 . — 11-4 10-6 9-9 9-3 8-8 8-3 

7 . — — 12-1 11-4 10-0 10-0 9-5 

8 . — — — 12-8 12-0 11-3 10-7 

9 . — — — — 13-3 12-6 lJ-8 

A comparison of the advantages to be gained by cleaning, and tJie 
costs of treatment, is now possible. The ash figures given in the 

results of flotation tests may be rej)laced by values in rupees per ton 

and the figures so obtained may be compared with the table of 

estimated costs given above. It will be seen that if a coal is cheap 

and/or capable of yielding a large percentage of clean product, 

treatment may be profitable. Certain of the Indian coals fulfil 
these conditions. It is hoped to publish further iuformatiou on 

the whole question as work developes. 

Sampling is of very great imj)ortance. Although not given in 

this paper all data relative to the sections of the seams have been 
noted. 

All the recorded results of analyses are from tests done in the 

laboratory of the Geological Survey of India by Babu Dulal Chand 

.De. Calorific values given on ]>age 244 are calculated by Goutal’s 

formula from the proximate analyses and are sufficiently accurate 

for the purpose. Typical analyses are from several samples and are 

intended to show the differences between the different types of coals. 

I wish to express my thanks to Messrs. Minerals Separation, 

Limited, and to Messrs. Villiers, Limited, their agents in India, 

for permission to publish this paper; to the several Companies who 
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have given valuable assistance in the field work connected with 

this investigation; and to Dr. Pascoo, Director of the GcologK-,al 

Survey of India, for his appreciation of the possible impoitancc* 

of this work and his very considerable help in making arrange¬ 
ments for the use of the laboratory in his charge. 
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Submarine Mud Eruptions off the Arakan Coast, 

Burma. By J. Coggin Brown, O.B.E., D.Sc., Superin¬ 
tendent Geological Survey of India. (With Plate 17.) 

introduction. 

ON the charts of those parts of the eastern shores of the Bay of 

Bengal, known as the Arakan coast, the following caution to 
navigators appears :— 

“Mud volcanoes, which occur in the sea, fiequently raise islets which may 
remain above water for some lime or quickly sink, leaving dangerous shoals in 
their places, and a constant and careful look-out is necessary when navigating this 

coast.” 

The mud volcanoes of Ramri and Cheduba Islands were first 
Bystematically investigated by F. R. Mallet^ in 1878, and a compre¬ 

hensive summary of his account has been given by R. D. Oldham 

in the second edition of the Manual of the Geology of India. 
Underlying the shallow waters of the eastern shores of the Bay 

of Bengal and stretching north and south of the islands already 

mentioned, there are other localities from which gas, oil and mud 

are ejected from time to time, sometimes quietly and without any 
marked disturbance, but, occasionally, with explosive violence, 

recalhng the spasmodic paroxysms of the Cheduba mud volcanoes 

which distinguish them from others found elsewhere in the oil¬ 
bearing regions of Burma. ^ 

In the words of Dr. E. H. Pascoe — 

“ It cannot be too emphatically denied that in Burma the so-called 
“ mud volcanoes ” have anything whatever to do with volcanic phenomena. 

They are entirely due to the escape of gas, tlu' mud and rock fragments being 

purely accidental accomiianiments, and constitute a perfectly normal part of the 
hydrocarbon occurri'iiccs in the ‘ oil-belts’. There is eveiy gradation between a 
small insignificant oil or gas seepage and the conspieiKUS mouiuls or cones like 

those on the Arakan Coast, whose terrific outburst-s afford some excuse for their 
having been mistakenly attributed to volcanic disturbance.” 

1 F. R, Mallet: “ The Mud Volcanoes of Ramri and Cheduba” ; Eec., (Jeol. Surv. hid., 
XI, pp. 188*207, (1878). 

* R. D. Oldham ; “ A Manual of the Oeology of India,” pp. 20-22 (1893). 
*E* H. Pascoe; “ The Oil Fields of Burma”; Mem.,Oeol. JSurv. Ind., XI, p. 211, 

(1012). 
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The eruptions of the submarine mud volcanoes {rive rise to the 
new islands which appear at intervals off the Arakan coast and add 
to the ordinary perils of these seas. 

Apart from the desirability of r(‘cording tlie occurrences for the 
benefit of navigation, they are of great interest from other ])ointB of 
view, especially for the light tliey throw on th(‘ g(‘ology oI this part 
of the Bay of Bengal. To quote Dr. Pascoe again,— 

“ Their latitude and longitude, for instance, would fix points of probabh 

anticlinal en'sts. The time of the at which they occur and even the state 
of the tide probably have some bearing upon the undiTgronnd condition'' giving 
rise to the eruptions. tSamples of the cjectam»'n1a aie of etmrsc useful, ospt < uilly 
if they should happen to b'> fo.s-,iliferous, since they might be recognisable frag- 
menta of known types of rock."^ 

To these suggestions may he added others, such as the vexed 
question of the means by which the emitted hydroenrbous oecasitmnlly 
become ignited and give rise to fit'ry eruptions far out at s(‘a, and 
the connection, if any, which exists between the times of eruption 

and seismic disturbances elsewhere, for although in their origin they 
are not associated, contrary to public opinion, with either volcanoes 
or earthquakes, it has been suggested that the convulsive outhurstB 

are sympathetic responses to seismic disturbances, that an earth- 

wave may, in fact, act as a hair trigger and detonate the underlying 

unstable system in which the “ mud volcano” is initiated. 
In 1886, Mallet published a list of the eru])tions wJiieh had 

taken place up to that date.^ A later one ha])poned on Clieduba 
Island on 3rd July, 1880.® From that time until October, 1893, 
there arc no records of any other disturbance's of the group. 

Accounts of later eruptions have ajipeared in the Kecords Irom time 

to time until 1912.* 

IE. H. Pascoe. “The Oil Fields of Burma”; Mem., Oeol. Svtr. Ivd., Xb i-. 188. 

R. Mallet, “ On the alleged tendency of the Arnkau Miicl 
into Eruptions most frequently during the Bains”; > tifr. v , > 

^^^R’RlMaliot Notice of a Fiery Eru])ti<)n from one of Jhc Mud Volcanoes of 

f’heduba Island, Arakan ;” Jiec., Oeol. Surv. Ind., XIX P- . ( )• * Coast, 
*J. Ooggin Brown: “ Recent Accounts of the Mud Vo canoes 

Burma” Qeol. Sure. lud.. XXXVIT, pp. ^ 
of a Mud Volcano in the Straits of Cheduba, Arakan o , volcano off Sandoaay, 
Ind., XLTT. pp. 64-50. (1912); “ Eruption of a Bubiaa^^^^^^ ^ 
Arakan Coast, Burma.” Rec., Oeol. Snrr. htd, ^ Bninia ” Rec.,0etl 
Eruption ofa Mud Volcano on Foul Island, Arakan Coast. Bn.ma 

^urv. Ind,, XLIT. p. 279, (1912). 



261 Records of the Geological Survey of India, [Vol. LVI. 

In addition to these an acconnt of a submarine eruption ofE 
Ramri Island, which was actually witnessed from the deck of a passing 

steamer, has been given by Dr. Pascoe.^ 

From 2nd March, 1912, the date on which the mud volcano 
situated on the submerged reef to the south of Cheduba, known as 

the Hlaing-bank-kon or as the “ Drunken Sailor Rocks,” burst into 

activity, until 1st May, 1914, when an islet appeared above the 
level of the sea to the south of West Baronga Island, and from that 

time until the 14tli November, 1923, conditions appear to have 

been quiescent, or, if any eruptions have taken place, they have 
failed to attract attention, which is unlikely. Tt now remains to 
bring these accounts up to date by relating the narratives 

of observers. They are prefaced by the one which has already been 
given in part by Dr. Pascoe, but which has not yet appeared in the 

Records, while the Memoir in which it is reproduced is now out of 

print. 

Submarine Eruption of 30th September, 1908. 

On the 8th October, 1909, the Marine Department of the Oovern- 
ment of India in Simla issued the| Miscellaneous Notification 

No. 1318-M., being a copy of a telegram from the Secretary to the 

Government of Burtna, to the Secretary to the Government of 

India, Marine Department, No. 201-C., dated Maymyo, the Gth 
October, 1909. The notification is given below :— 

“ Following telegram received from Port Officer, Akyab. Begins. Commander, 
8. S. Katoria, reports witnessed a great voleanie upheaval approximate latitude 
nineteen dash twenty-one and one-fourth longitude ninety-three dash twenty-two. 

first upheaval five thirty-five P.M., second five fifty P.M. thirtieth stop each 
lasting two to three minutes. Ends." 

On the 23rd November, 1909, Commander A. R. W. Handcock of 

the British India Steam Navigation Co.’s R. M. S. Katoria kindly 

forwarded the following account of these occurrences to the Director, 
Geological Survey of India :— 

‘ ‘ On the afternoon of the 30th September, 1909, whilst on a voyage from Rangoon 

to Kyaukpyu, I observed a remarkable volcanic upheaval in latitude 19° 211' 
north and longitude 93° 22', an account of which may, I think, prove interesting 

to your Survey Department. The circumstances are as follows :—On the aftcr- 

hoon in question I was steaming up the coast at about 11^ knots an hour on a N. 

by, E. oourae. weather fine with passing clouds, and a light 8. W. wind, when at 

‘ E. H. Pasooe •. “ The Oil Fields of Burma ” ; ilfcp»., Otol. Surv. Jnd., XL, p, 197, 
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horizon , this was quickly foUowad by c.oudc „, Ccau. com^LtreX^ 

V.CW of a TOtcrapout m tho makmg ; and about 20 aeconda later a great "Zava 

of waiter and huge black maaaca of mud which were so clearly defined at theirX ' 
that they resembled great rocks being thrown up in the air. and at U, „t I believ S. 
to bo an entire rocky island being thrown up out of the lied of the ocean This 

lasted about two minutes, when it rapidly subsided,leaving tlie Abater muddy and 
discoloured round the scene of the upheaval. The height to AAhieli tlu* upheaval 
reached was about 200 feet abov^o the sea, and the length from oast to Avest about 
1,500 feet. These measurements are very nearly correct, astheie aaas a steamer 
nearer the upheaval than I was myself, and as I was able to precisely place the 
position of tho volcanoes, I was therefore in a position to judge dimensions by 
comparison. At 5-50 p.m. a second upheaval took place also lasting about two 
minutes, which was similar to the first one and in the same place, though the length 
from east to west of this, the second eruption, was about 1,000 feet only. The dejitli 
of water at the spot is about 13 fathoms. After the upheavals the Avind in the 
vicinity dropped to a calm, though after steaming some 8 miles out to sea, the light 
S. W. wind set in again. 

Tho clearly defined edges of the black mud as distinct from and not mixed with 

the surrounding water can, T believe, be accounted for by the fact that )ietroloum 
exists in more or loss quantities about this part of the Burma coast, and the mud 
was probably saturated with oil. 

Tho force ropreaentod to force up such a largebody of mud and water from some 
80 feet below tho surface of the sea to 200 feet above the surface of the sea inust 

have been very great.” 

Submarine outbursts of this character and extent liave seldom 
been acttially witnessed at the moment before. A search through 
the old records from 1813 onwards reveals the fact tliat although 
flames and their reflections from hanks of clouds have been seen, 
both from the mainland and from tlie sea, although mud islds 
of varying sizes, with and without aciivi' craters, have been observed, 

this is the first occasion in which the actual process of a violent 
eruption at sea has been watched iioin start to finish, llicrc are 
several accounts of eye-witnesses of (uuptiou.s of the mud volcanoes 

on land of course. 
In one particular, Commander Tlandcock’s narrative recalls that 

of an earlier observer. In the early hours of Ibth Deeeinbir, l.Klfi, 

a very severe submarine eruption of a mud volcano took jiari in 

latitude 19° 0' 6" N., and longitude 93" 21' 20" E., 8| 
west by north direction from the north-westernmost point o u 
Island. Four and a half miles south-east by nouth from the sit 

lies Beacon Island, and it so happened that Mr. k. . j • 
Inspector of Light Houses to the Government of urma, was 
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island at the time. He observed the new land at about 7 a.m. 

in the morning and “ about 9 a.m. noted black smoke in two jets 
like that of a steamer in the distance, and these gradually turned to 

white steam issuing in one enormous ‘ cumulus ’ the whole length 
of, and above, the island. Later, huge volumes of black mud and 

water “ spouting up into the air to a height of what must have been 

hundreds of feet ” were seen.^ Commander Handcock’s report 
mentions thick black smoke recalling a steamer on a distant horizon, 
followed by c*louds of steam and then by the eruption of water and 

black mud. The only material differences in the two occurrences 
are tlnit the preliminary eruptions, which gave birth to the island 

on IStli December, 190G, were not witnessed, whereas those of the 

one under discussion were not large enough to raise an islet above 
sea-level at all. 

Submarine Eruption about 1st May, 1914, off West Baronga Island. 

On May 4th, 1914, a notification was issued by the Marine 

Department in Rangoon, stating that an active mud volcano had 

appeared in latitude 19® 40' N. and longitude 93° 02' 15" E. Its 

height on May 1st was about 30 feet and its length about 1 cable, 
and it showed two summits. Its position was off the long island 

of West Baronga, near Tiger Point and apparently on the track of 
vessels between Kyaukpyu and Akyab, 

Copies of the notification appeared in the Indian newspapers 

of May 5th, followed by more detailed accounts on the 6th and 8th 
of May. 

From these it appeared that the island was first sighted from the 

S. S. “ Katoria,^’ a vessel belonging to the British India Steam Naviga¬ 
tion Company, Ltd., on May 1st. No active eruption was noticed, 

but merely an island in a locality where there should have been 

clear water. In an interview with an “ Englishman representa¬ 

tive, which appeared in that newspaper on May 6th, the Commander 

of the S. S. “ Katoria ” is reported to have made the following 
statement:— 

“ From all appearances it is an island, about a mile in extent and from 26 to 30 
feet high. What confirms my conviction that it is an island is its proximity to tie 

island of Baronga, and I should not be at all surprised if it is found to be a part of 

m 

’ J. Togein Brown: “ Recent Accounts of the Mud Volcanoes of the Arakan Coast 
Burma.*’ Kec., Oeol Surv. Ind., XXXVIJ, pp 269-272,(1908). 



265 
Part 3.] Coggin Brown ; Suhrmrine Mud Eruptions. 

this island. Another thing that strongthons mv boliVf xv. 

iSBUedfrom Simla last week, for that report slated that the shook erme‘fro“™‘'«l™t'i 
tho^and mUes drstaaoo, and Baroaga Island is just about that distance [ 1 
Simla. Since no other report that would account fo. the sl.ock ha. been made 
,t IS more than probable that this eruption was the quake recorded on the Siu.U 
seismograph. 

Later accounts stated that the new mud island, situated about 
8 miles south of Baronga Point, was the first to appear in the region 
for several years, although a number of years previously they were 

of common occurrence. The P. L M. S. Mayo passed quite close to 
the island on the same day as the tS. S. “ Kaloria,” and a copy of the 
report from the Officer commanding the former vessel to the Port 
Officer, Akyab, is given below 

“ I have the honour to report that a mud volcanie island has appeared to the 
south oi Baronga Point in latitude 19° 40' N. longitude 93° 2' 15" E. Height alnout 
30 feet, length about one cable, in tv o mounds, 

A line of soundings was obtained off the island of 14 fathoms, L. W. 0. S.. from 
a ])osiiion with the island healing N. 00° E., tine distanee2A miles, to a ])ositioii 
with island bearing N. 00° E., true distanee 1 mile. Shiji’s comse lieing N. 30° W. 
true. The water to the S.-E. oi this volcanic island vas discolouied foi some dis¬ 
tance, at least a mile or nnne. A heavj' suit v as brf aking on the island at the lime 
I was passing, and it was also bloving fiom the N.-W. (force about 7). I therefore 
did not lower a boat to make a < los(' inspi'ction. 

Suggest that all shipping may be informed at the principal porta.” 

The island was slowly worn away by the action of the waves and 

tides and finally disappeared, leaving a dangerous shoal. 

Submarine Eruption about November 14th. 1923, ojj West Baronga 

Island. 

The Indian newspapers of November Kith, 1923, published the 

following information :— 

“ The Commander of the steamer ‘ Chakinda ’ reports that an island has been 

formed approximately 1,000 feet long and 20 to 30 feet high, in a position 
south and 3 degrees east true from Baronga Point on the .s])ot mai t i' 

Volcano 1914.” 

A reference to the Commander of the S. S. “ f hakinda elicited 

the reply that he had no further information to add to this 

telegram. 
At a later date the following report on 3 

received from Commander A. C. Maundrell, B-I- •> 
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Akjab. It is a copy of one submitted to the Principal Port Officer 
oi J>urma. 

" The island was examined on November 26ih, 1923, and its position fixed as 
boinf> 8'4 miles, 176 from Baronga Point. The island is composed of black mud, 
which, beinginlumps, gives the idea of rocks, particularly so at the north and south 

points, where the washing away process has loft a few pinnacles. The island is 
flat-topped, with perpendicular sides and slight ridge lunning north and south. 
It is now almost circular, of about 600 feet diameter and 20 feet in height. When 
fixing its position, the island was circled round at a distance of J to ^ of a mile, 
and no sounding of less than 11 fathoms was obtained. The island was also circled 
round in a boat at a distance of not more than 200 yards. The island is washing 
away chiefly from the western side, on which side, at 200 yards distance, soundings 
of 4 fathoms to 7 fathoms wore obtained. On the south side the island is steep to 

9 fathoms, (dose along side on the east side 7 fathoms at 150 yards, and on the 

north side 7 fathoms at 200 yards. Inside of these distances the w'atcr shoals ra¬ 
pidly, and breakers are to bo expected. Much discoloured water was passed through 
when circling the island, and this would appear to be chiefly due to the washing 
aw'ay pi ocess, it being noticed that on the flood this discolouration was mostly to 

the north-east and on the ebb to the wi'stward. It is. T consider, likely that before 
long the island will disappear, leaving a dangerous shoal, as occurred in 1914. 

Owing to the scend of the sea, it was impracticable to land.” 

The Port Officer adds that the island was first discovered by the 
Master of the S. S. ‘'Chakinda ” on November 1-Ith, 1923, and that so 

far as he could ascertain, there were no eye-witnesses of the eruption. 

The Geological Survey of India is also indebted to Cioinmander 
Maundrell for a tracing of Admiralty Chart No. ]3()9 showing the 

exact position of the island and details of the soundings 

around it. A comparison of this with the cliart itself shows that 
th(*. new island coincidcis cxaclly in position with the one which was 

formed on May 1st, 1914, and there is no doubt that they were both 
due to eruptions of mud from the same vent in the floor of the sea. 

The prediction that the island would disappear and leave a shoal 

was proved by the receipt of the following wireless message by 
the Principal Port Officer, Burma, on the 29th February, 1924, from 

the Master of the S. S. “ Chantala.” * 

“ If-land rcporlcd by Masttff, Chakdina, in position 8*4 miles S. E. tnic 

from Bclonga Point has uow'^ disappeared and Ihcro is nothing showing above' 
w’atcr. Br(‘ak('r8 mark tbc position.” 

EXPLANATION OF PLATE 17. 

Map showing position of mud volcano which oriiptod in May 1914 ondNovembor 

1923. From Admiralty Chart No. 1369. 
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Notes on Cretaceous Fossils from Afghanistan and 

Khorasan. By the late H. s. Bion, B.Sc., F.G.b.. 
t/lssisidfit SupcHfitcfidciit, GcologicGl Survey of ludiu. 
With an Introduction by J. Coggin Brown' 

D.Sc., Siipcftilt aid cut, Geologic ul Survey op 
India. 

introduction. 

(J. C. B.) 

Amongst the papers left by the Into Mi'. TI. S. Bion at tin* lime 

of his lamented death in June. 1915, were a numla'r of notes on 

Cretaceous fossils from Afghanistan an<l neighbouring H'gions, \\hieL 

it was his intention to bring together into a ])a])er for publication 

in the Records of the Geological Sur\ey of India. I’artsof the 

notes were typed out and finished, others were in niannseript, while 

in one or two cases merely the identification of the fossil itself had 

been made. Before proceeding to give a list of the forms recog¬ 

nised by Mr. Bion, together with such notes on them as he had ])re- 

pared and his conclusions drawn from a sturly of tin* fanna, ii is 

nec<*ssary to ])oint out that the bullc of the colh'ction v'as made by 

the late Mr. C. L. Griesbach during his deinitation with tin* Afghan 

Baluch Boundai'y (Commission. I’o 1 hcs(' were added a few forms 

obtained by the late Sir Henry llaydi'ii dining his sojonin in 

Afghani.stan, and one or tw’o more collected by tlie late Di. 

W. T. Blanford from the neighbourhood of T)<‘ra (diazi J\han in 

the Punjab. 
Jn 1887, Griesbach, as a result of the (*\tensive ttaveises under 

taken in earlier years, was abh' to demonstrate that rocks ot ( r<>t.i- 

ceouR age are widely spread over Afghanistan and ( ential Asia. 

They form a large part of Afghan Turkistan, and, to tin west and 

north-west, extend in strips through the Herat ])ro\iiKe into ^ 

Eastern Khorasan, where apparently all horizons from t n (oto 

mian to the Upper Cretaceous Exogyra limestone are ^ ' 

Elsewhere, the lower portions of the system are missing. 

found Ch*etaceous strata in great force between t c 
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and Peshawar, in the south-western prolongations of the Central 
Afghan ranges, and in the Sulaiman Range. In Khorasan and 

Northern Persia, Cretaceous rocks form great ranges and play an 

important part in the structure of the mountain ranges which 

skirt the northern frontiers of Persia. In Central Asia proper, the 

Upper Cretaceous covers a large area and hides nearly all the older 
formations, which appear only in isolated patches where the over- 

lying mantle has been denuded away. To Griesbach, already ac¬ 

quainted with the Central Himalayas and Kashmir, where Creta¬ 

ceous rocks are comparatively rare, their vast expanses in the regions 

mentioned were at once arresting and remarkable. Ilis terse des¬ 
criptions of their prominent features are scattered through a series 

of papers published between the years 1885 and 1887 under the 

general title of “ Afghan Field Notes.” In the first of these, a 

short report on the geology of the Herat province,^ there are brief 
preliminary notices of the Tir-band-i-Turkistan beds. In the second,* 

which deals with the Herat valley in more detail, and in addition 
with Eastern Khorasan, Griesbach divides the Cretaceous rocks of 

the latter region into a lower and upper grou]) and traces their dis¬ 

tribution generally. The third paper® describes reconnaissances 
carried out between the confines of Afghan-Turkistan and the dis¬ 

trict of Bamian in Afghanistan, which includes the areas north of 

the Tir-band-i-Turkistan and the Koh-i-Baba to the Oxus valley. 
Herein we find the Cretaceous system divided as follows :— 

Formations. Localities. 

Upper 

/ White chalk with flints. Inoceramus 
S sp., Exogyra sp., many bivalves, 
i Thick bods of white limestone with 
(. Exogyra sp. 

Lower 
Clays, shales, shell limestone, and bods 

with Janira quinquecosMa. 

Tir-band-i-Turkistan Range and anti- 
elinals. 

Main mass of the Kara Koh and folds 
between Haighan and Tashkurghan. 

Middle eourso of the Astar-ab and of 
the Almar Stream. 

Detailed descriptions of the various sections are given, together 

with the following comment on the fauna:—“ The commonest 

fossils found in this group are Exogyra sp. and Janira quinquecostata 

besides numerous others which have not been determined yet.” 

Mr. Bion’s investigations were concerned mainly with these then 

* Eec., Oed. Surv. Ind., Vol. XVIII, pp. 67—04 (i886), 
Vol. XIX, pp. 48—05 (1886). 

Ubid., Vol. XIX, pp. 236—267 (1886). 
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undetermined remains. In the fourth paper,i Griesbach considers the 

geology of the country crossed by the Afghan Boundary Commission 

on its return to India across the Hindu Kush and through Kabul, 

while in the fifth - and last note, we find his general conclusions 

accompanying a geological sketch map of Afghani>stau and ISortli* 

Eastern Khorasan, as well as a table in which tiio (Jretaccous rocks 

of Khorasan, Herat, Turkistan and South-Western Badakhshan are 

correlated with those displayed in the sections from Sibi to Kan¬ 
dahar and in the vicinity of Kabul. 

A quarter of a century later, Sir Henry Hayden’s memoir on 

the " Geology of Northern Afghanistan ” was jmblished.^ Henry 

in his introduction to this work, wrote;—“What little we know of 

Afghan geology is due chiefly to Mr. Griesbacli’s own wmrk in that 

country between the years 1880 and 1888, the scientific results of 

which were published in the Records of th(; Geological Purvey of 

India, Vols. XVIII, XIX, XX and XXV. Since that time nothing 

has been published on the subject, and the small amount of purely 

scientific work that I was able to do during a short tour undertaken 

primarily for the investigation of economic questions has tended to 

confirm on the whole, and to some extent to amplify, Mr. Griesbach s 

conclusions.” 
Describing the Cretaceous system. Sir Henry wrote Tliis 

comprises by far the most widely distributed group of rocks in 

Afghanistan to the north of the Koh-i-Baba and the Hindu Kush, 

From these ranges northwards to the plains of Afghan Tuikistan, 

the whole area was formerly covered by a sheet of Upper Cretaceous 

limestone, which was deposited unconformably on all older form¬ 

ations.” At the base of the scries in the neighbourhood of J.sh- 

pushta, “there is a well-marked overlap, representing the great 

Cretaceons transgression which affected such a wic < aiea in ' 
Asia and wUch is nsnally attribuied to tho fnenaman r„od. 

Although fossils are fairly numerous m tlie beds a o 
limestok, I was unable to eoUect more to. a very few a. I to, 

are all rather badly preserved. In Upper Sa.glian ^ 

and arenaceous limestones yielded echmoi s aw 

my colleagues, Messrs. E/"V“tredel" dekmined the 
kind enough to examme for me. Mr. vieueu & 

. Sec., aeol. Sun.. /si.Vol XS. PP- U-S" 

Vol. XX pp. ?^®?-xxxlX, pp. Geol. Surv. Ind., Vol. XXAIA, pp 
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echinoderms as Micraster sp. and Cyphosoma sp.^ and pointed out that 
this was the first occurrence of the genus Micraster in Afiia, and 

proved that the rocks from which it was derived could not be older 

than Middle Cretaceous, and probably not older than Cenomanian. 

Mr. Tipper referred the ammonites to the genus Hoplites. “ A 

small fragment of Scaphites sp. and a brachiopod very closely allied 

to, if not identical with Terebratula semiglobosa D’Orb., also occur 

at the same horizon. The limestone overlying these beds is full of 

lamellibranchs, among which the genus Exogyra is very common and 

led Mr. Griesbach to call the rock, “Exogyra limestone.” GrypJicea 

vesicularis Lam. occurs in this limestone at about 150 feet above the 
horizon of the ammonites and Pecten (Neithea) quinquecostata Sow. 

The limestones, therefore, are perhaps not older than Senonian, 

whilst the underlying marls may be as old as Cenomanin^.” 
Such was the state of our knowledge of the Cretaceous faunas 

of these regions when Mr. Bion commenced his study of the fossils 

which Mr. Griesbach and Sir Henry Hayden had deposited in the 
collections of the Geological Survey of India in Calcutta. 

Mr. Griesbach’s specimens come from various localities in Kho- 

rasan and Afghan Turkistan, those collected by Sir Henry Hayden 

from the Saighan district of Afghanistan, while the few specimens 

which Dr. Blanford collected are from the Sulaiman Range in the 

Dera Ghazi Khan district of the Pimjab. 

List of the Forms identified by Mr. Bion. 

Cyphosoma sp. 

Micraster prcecursor Rowe. 

Serpula cf. gordialis Schlot. 

Serpula filiformis Sow. 

Terebratula sella Sow. 

Terebratula obesa Sow. 

Terebratula biplicata Sow. 

Inoceramus balticus Bohm. 

Orypheea vesicularis Lam. 

Exogyra decussata Coq. 

Exogyra plidfera Duj. 
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Exogyra ostracina Lam. 

Pecten (Ncithea) quinquecostata Sow. 

Spondylus calcaratus I Forbes. 

Dima obliqueslriata Forbes. 

Pholadomya cf. gigantea Sow. 

Cardium sp. 

NOTES ON I HE FOSSILS. 

(H. S. B.) 

CypJiosoma sp. 

There ^re two spccimeus representing this well-known I i>|)er 
Cretaceous genus, but the preservation is too impelled to allow' ol 

specific identification, 
Locality.—K.11-328. Cretaceous marls near llie base ol lime¬ 

stone clifis between Begal and Khargin dara, Saighan, Alghanistan 

(Ut. 35° ir : long. 67° 29'). 

Micraster pracursor Kowe. 

There are six specimens available for description, all moie oi 

less damaged. Five of these were collected by Sii Hemy Baydiii 
in the Cretaceous marls near the base of the hmestonc clifis btdweui 

Begal and Khargin dara, Saighan (lat. 35° 11' : long. G7' 29). Jbe 
cliffs alluded to are composed of the Upper Cretaceous iiogyra 

limestones, which are in great part of Campanian age. J he exaci 

locaUty from which the fossils came is marked on the photogia]» 

reproduced in Plate 3 of Hayden s memoir. Vroflcu- 
In the same memoir (p. 36) there is a shor note by Mr 

burg to whom the generic identification is due, 
follows “ The four specimens of a spatangoid ecluno 
crushed and too incomplete for specific deteinimation. 

less the generic characters are perfectly ^ 
belong to%he genus the extre^hort ambulacra , ^ 

recalling forms from the Cretaceous o 1 None, 
aware, this is the first Cretaceous Mtemst^ o a containing 

at least, is known from India or Persia. 
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them cannot be older than Middle Cretaceous, probably not older 
than Cenomanian.^ 

Whilst looking through Mr. Griesbach’s earlier collections one 

more specimen was found belonging to the genus Micraster. I have 
little doubt that it came from the same horizon as the Begal speci¬ 

mens, although it is in an extremely bad state of preservation. The 

locality given for this specimen is “ below Exogyra limestone. Middle 
Cretaceous, Danda Shikan Pass, North of Saighan.” The horizon 

is therefore probably exactly the same. When Mr. Vredenburg’s 

preliminary identification was made the specimens had not been 

cleaned, and the ambulacra were filled with marl, hence a specific 
identification was impossible. Since I have cleaned the test, suffi¬ 

cient evidence is available to show that these Micrasters belong to 

the low zonal forms of the M. prcccursor group of Kowjj? 

Measurements.—The three best specimens only have been 

measured :— 

Length • • • * 44 44 40 mm. 
Breadth • • • • 44 41 35 „ 
Height . . . . 27 28 22 .. 

These measurements serve to show the only anomalous features 

of the test, namely, that the breadth is in some fully equal to the 

length. This is a high zonal characteristic, associated as we shall 

see with many definite low zonal features. In this connection 

Rowe remarks—“ It appears to be beyond doubt that in each zone 

there are broad varieties of the narrow forms.” 

It will be seen that the height is small, the test being depressed 

as in all low zonal forms. There is no appreciable development 

of rostrum or carina. The nature of the ambulacra and the inter- 

poriferous areas agrees very closely with that of forms from the 

Holaster planus zone of the English Chalk. The ambulacra are 

deep, trough-shaped, and x>ractically smooth. To the naked eye 

they are certainly quite smooth, and even with the aid of a lens do 
not show any definite suturing of the inter-jioriferous area. The 

single ambulacrum is a little more advanced as regards suturing 

and granulation than is the case with the x)aired ambulacra. It 

would appear as if the Afghan Micrasters approximate most nearly 

* Mr. Vredenburg apparently saw only four of tbo Micrasters from Begal, but theio 
are five in the collection. 

® A. W. Rowe. “ An analysis of the Cenus Micraster.” Q. J. G. S.* Vol. LV, 
pp. 404—647, 1809. 
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to the passage forms between Jlf. fcfci and M. prwcurmr. The 

apical disc IS cxccntno anteriorly. The amount of lids exccntiidty 
IS difficult to measure on crushed s|K.eimens, but averages about 

i mm. The mouth is very distant Irom the border, the measure¬ 
ment being made from the bottom of the uoteh to the anterior 
margin of the peristome. The distance so measured is about 
9 mm. 

The labrum is slight, triangular in shape, widest where it joins 
the idastron, and from there tajiering to a point. The tij) of the 
labrum is smooth, and the labrai jiliite covered only by a few granules. 
The periplastronal area is only very slightly granulated. 

Scrpula cf. (jord'kilis Sehlot. 

The only specimen referable to this species ctfiisists of rouiiu 
smooth tubes, one millimetre in diameter, irregularly entangled so 

as to form a nodular mass. There can be no doubt of the identity 
of this si)ecimen with that figured by Stoliezka from Ariyulur, 

S. India. 
Rcumrk'i.—gordiaVis is abundant in the uppermost Cietaccous 

beds of Germany, Northern Austria and France. It seems certain 
that Stoliezka’s view that vSo\\crby's aS. plexus from the English 
Chalk is identical with aS. gonlialis, is coirect. I'he speeijnen lieie 

recorded also comes from the upjierbcds of the Cretaceous. 
Locality.—11. 12/592. Up])er Cretaceous limestone, Shadiaii, South 

of Balkh. 

Serpula fdiformis Sow. 

Several blocks of limestone in the collection are covered with 
the long straggling bundles of tubes so characteristic of this species. 
I have satisfied myself by direct coini)arison, of the identity of tliese 

specimens with those figured by Stoliczkii ^ and Kossmat fiom t c 

Ariyalur beds of Southern India. ^ 
Localiiy.—U. 42/403, H. 42/407. North slope of Zurniust 

N.E. of Herat. t. r u f 
H. 42/405. North slope of Band i-Zurmust, N.E. ol IJcxai. 

^ iStoliezka. “Cretaceous Fauna of K. India. Pal- 
pl. Xll, fig. 6. , 1. 1- 1 >> /,'((■ (inl. Iihl 

2 F. Kossmat. “ The Cretaceous J>iiosJts of 1 omliclitiii. 
Vol. XXX, pl. 10, fig. 7. 
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Terebratula sella Sow. 

This well-known species is represented by several dozens of 

specimens from the “ Firaiman beds ” of Mr. Griesbach. 

They were at first regarded as a variety of T. gregaria Suees, 

but subsequently idenlified by Sir Henry Hayden as T. sella Sow., 

an identification with which I am entirely in agreement. ^ 

All the specimens correspond very closely with the true T. sella 
figured by Davidson,-^ rather than with the two other varieties of 

the species admitted by that author. The specimen from the 

Isle of Wight which Davidson figured on his Plate Vll, fig. 6, 

fairly represents the Afghan form, there being none with the strongly 

elevated front shown in fig. 4. The globose variety T. sella var. 

upwarensc Walker is not represented in the collection. 

Locality.—H. 42/279, H. 42/280. 5 miles N.W. of Firaiman, 

K-horasan. 

Remarks.—In England and Western Europe T. sella is a typical 

fossil of the Aptian, and the Afghan examples come from the same 

horizon. 

Terebratula obesa Sow. 

There are two specimens referable to this species. One, 

(H. 42/590) from Shadian, South of Balkh; the other (K. 11/328) 

from Cretaceous marls near the base of limestone dills between 

Begal and Kliargin dara, Saighan, (lat. 35" 11' : long. 67" 29'). 

The first is a very peculiar form, very wide at the shoulders and 

tapering to the anterior margin. I have not found any figured 

form to correspond and refer it with some hesitation to T. obesa. 
The second is a tyi)ical T. obesa. 

TerebraXula biplicata Sow. 

There are several specimens of this species from the soutlj- 

eastern slope of Koh-i-ah-i-Shora, south of Shadian, near Balkli, 

Afghanistan. They are all preserved as casts only (H. 42/513). 

Others are from Yakh Dara, west of Ffiughan, south-east of Maimana, 

Afghanistan (H. 42/574). 

» Hayden, op. cit., p. 34. 
• Davidaon, " Hiit|sh Fossil Hrachiopoda,” VoL 1, plate 7, fig. 6, (1851>5d). 
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Inoceramns balticvs. Bohm. 1907 

There are several specimens in the collection helonging to this 
species, their localities being as followsU. A2jm\ ^ 40/4V7 

Upper Cretaceous, south side of Ivelat-i-Nadii, Khoras’an C 373/0 

Lower limestone shales between Mari and Dragal, Kaha Pass' \vV«t 
of Dera Ghazi Khan, (W. T. Blanford). ’ 

Mr. Griesbach’s specimens are referred to under ibe name 
I. cri'psi Mant. in his paper » “ Afghan and Persian Fiold-Nolos.” It 
is clear that they come from the Ujiper Cretaceous beds, so that the 
present identification as 7. halHeus is in agreement with the strati- 
graphical position of the fossils. 1. hallicus h eharacleristic of the 
Senonian of Europe. 

There has been considerable confusion in the use of the specific 
name cripsi, which has been a])])lied wrongly to the Senonian 
form I. haUicus, Woods has discussed this ([uestion.^ 

Both the s])ecimens from Kelat-i-Nadri and those from the Kaha 
pass, W. of Dera Ghazi Khan, correspond with 7. hallicus and not 
with 7. cripsi. The former is characterised by the much greater 
length in jiroportion to the height. Tlie fine specimen of 
7. cripsiamis figured by Stoliczka ^ from the Aiiyalur group of 
South India (which is of Senonian age), is undoubtedly identical 
with 7. halficns. Bohm. It is a form intermediate in type between 
figs. .^1 and .'13 on pages 291 and 29.') respectively of Woods’ memoir. 
It will be seen from the footnote on page 29fi that Wood.s wa.s of the 
opinion that Stoliczka’s specimen was really 7. balticiis and after 
examination of the type I am quite ])re])ared to endorse this opinion. 

Gri/plifca vesicnlaris Lam. 

An abundant fossil in the Ariyalur group of South India, It 
is characteristic of the Campanian beds of Ruro]K‘ and has been 
found in North America, Algiers, Syria and Asiatic Biissia. 

Localities.- K. 11/323. To]) of the Cretaceous ; f miles south-east 
of Dasht-i-Safed, Afghanistan, (lat. 35" 20': long. 07' 50 ), (11. H-H ). 

K. 11/314. End of gorge of Kamard river, left bank, just above 

Andao, (lat. 35° 30' ; long. 67° 53'), (H. H. H.). 

* Rec., Geol. Sun'. Iwh, Vol. XTX, p. 03. , PnMind ’ Vol II 
' H. Woods. “ A Mo ograph ol tlic (Votaceoiis Uiii<‘]li))i-anchl.v of „ . , 

rt. VTIT, p. 295, (1912). , , yv'viti fit. 2 
’ Pul. hd., Vol. Ill, p. 405, pi, XXVII. fig*. 1-*^. X faf. 
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H. 42/650. Dell Surkh, Astar-ab valley, south of Sai-i-pul, 
Afghanistan, (C. L. G.). 

H. 42/581. Yakh Dara, west of Faighan, south-east of Maimana, 
Afghanistan. 

Exoygra decussata Coq. 

This is the most abundant and characteristic fossil of the Exogyra 

limestone of Afghanistan. It occurs in the greatest abundance 
in certain beds, and as a general rule the larger inferior valve only 

is preserved. Owing to the strongly arclied, gibbous nature of this 

valve it is impossible to clean out the matter so as to expose the 
internal characters, and judging by the published figures, very little 

is known about them. 

A comparison of the specimens with those from the European 
Campanian forming Plate 7 of Coquand’s Monograph shows how 

closely the Afghan forms resemble the European ones.^ 
Tjocalities.—H. 42/527. Bajgali Gorge, between Mathar and 

Bajgah north of Saighan, Afghan Turkistan. 
G. Kaha Pass, between Mari and Dragal, Dera Ghazi 

Khan district, Sulaiman Range. 
Remarks.—Among a few specimens brought back by Dr. Blanford 

from the Sulaiman Hills are some belonging to tliis species, and which 

have evidently come from the same set of beds, namely the Exogyra 
limestone of Afghanistan. In Europe E. dccus.^tnla characterises the 
Campanian. The Afghan specimens and Ihose from the Sulaiman 

Hills come in all probability, from a similar horizon. 

Exogyra plicifera Duj. 

The specimens referred to this species are in an excellent state 
of preservation, and the external and internal characters of both 

valves are to be seen. 

They agree very closely with figures 14, 15, IG, Plate 36 of 
Coquand, though the Afghan form is more concave posteriorly than 

ilie European. 

A few remarks are necessary concerning the superior valve. 

The figure given by Coquand (fig. 18) does not agree with my speci¬ 

mens in that the muscle scar is differently orientated fn both. I am 

at a loss to explain the peculiar position of the muscle in Coquand’s 

^ H. Coquand “ Monographie du ftenre Ostrea,” Terrain Cr^,tac4, Atlas, Ph VII, 
figs, 1—17 (I to 69;, 
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figure which is reproduced from t),at given hv Mather™ r«v E 
midas. 

Beyond this feature and the slightly greater eoneavitv in tl.e 
outline of the valves, there is the elosest t.'seinhlanee liehveen the 
Afghan forms and the Kurojiean. 

Locality.—42/582. Sliadian, Soul}, of Balkli, Afg],ain<?tan 
Remarks.—E. plidfera is staled hj Cofjuand to orciir in the 

Coniacian and Rantonian, these divisions re^n’esenling i>])])roxl* 
mately the lower Renonian of more modern writers. T]io Afglmn 

specimens appear to come from somewhere in the ITp^ier Creiaeeous 
Exogyra limestones. 

Exogyra ostradna Lam. 

Among the many members of the oyster family from the E.roqi/ra 
limestone I have been al)le to find only one specimen, and that 
an isolated lower valve, whicli may safidy lie referred to Eioqijm 
ostradna. This is rather snr])rising in view' of the w'ide di.slrihnlion 

of this species and its almndance in tlie Roiiih Indian dejiosils. 
Whether tliis rarity is due to tlie imjierfeetion of tlie collection 
under description I am iinalilc to say, but it may be remarked 
here that the species has not so far been recorded from the Bahi 

chislan Cretaceous. 
The length of the valve 05 mm. and the height 48 mm. The 

outer or anterior side of the valve is neailv perpendicular, tlie inner 

side gently slojnng and coated externally with foreign mattc'r to 
which the animal in life was attached. In consequence of this the 

external characters of the shell are obscured. Jt may beobseived 
however, that the beak was strongly a)ul closely incurved, forming 
more than one complete volution and blending witli the valve. 'Ihe 

steep anterior side of the shell is rough aiul iiregularly laminated. 
The inner side is somewdiat ]»rolonged with shelly mattei 

deposited on the object of attachment, but tin' original outline' agri'ed 

with the specimens figured by Rtoliezka horn South India, tlie 

posterior margin being nearly straight. 
The interior of the valve is well-])reserved, and shows a finely 

crenulated pallial margin. ,, 
The muscle scar is a little peculiar, being nearly 

situated, unusually large and strong, and of somew lat e i fn u 

shape to the published figures of this s])eci''s. E. oshadwi^ ' 
admittedly an extremely variable s])ecies and this vaii.i 
marked both in the shape and position of the muse e scars, 
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Peclen {Neithea) quinquecostata Sow. 

Locality.—H. 52/547. Near Deh Surkh, Astar-ab valley, south 
of Sar-i-pul, Afghanistan. 

Remarks.—This species ranges from the Lower Greensand to 
the Upper Chalk. 

Spondylus calcaratus ? Forbes. 

Locality.—K. 11/314. End of gorge of the Kamard River, left 
bank, just above Andao (lat. 35® 20': long. 67° 53') Afghanistan, 

(H. H. H.). 
H. 42/556. South-eastern slope of Koh-i-ab-i-shora, south ot 

Shadian, near Balkh, Afghanistan. 

Remarks.—This species occurs in the Trichinopoly group (Turonian) 

of South India. As there are no spines or extra prominent primary 
ribs on the only available specimens, their attribution to S. calcar- 

ratus is doubtful and it is possible that they may represent S. 

truncatus Gold., though the ribbing is a most variable character. 

lAma obliquistriata Forbes. 

Locality.—K. 11/314. End of the gorge of the Kamard River, 

left bank, just above Andao, (lat, 35° 20' ; long. 67° 53'). 

Remarks.—This species has been found in the Ariyalur group of 

South India. 

Pholadomya cf. gigantea Sow. 

This species is represented by one specimen, a cast in which ail 

the shell structure has unfortunately been destroyed. 

Measurements. 
mm. 

Length ll.i^ 

Height .'jg 

The dimensions agree very well with those given by Woods and 

bring out the most characteristic feature of this species, namely 

its greatly elongated form. The length appears to be always nearly 

twice the height. The number of ribs and the other characters of 

the shell, in so far as they are observable, are in agreement with 
the published descriptions of this species. 

Locality.—K. 11/328. Base of limestone cliff, between Regal and 
Khargin dara, Saighan. 
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Ap.„, 1.04. w.. 
to the top of the Airtian. Thi» Afghan a,.oci.ue„ canu- f„,n, iL 
beds just below the M^crmcr horieon and would aunear tlimdore 
to occur here at a somewhat higher horizon, possibly the (Jcnumauian 

Cardium sp. 

This cast of a Cardium appears to be allied to Curdinut moduv^ 
turn Sow., but the specimen is far too badly preserved for .speeiHc 
determination. As far as observable the characters ol tliis sjieeif'S 
arc present. The ribs were numerous and with the lines of 
growth seem to have divided the shell surface into a seiialed series 
of rectangles so typical of the Cardiida. Traces ol tuheieles or 
spines are still to be seen on the front of the \alve. 

Locality.—K. 11/314. End of gorge in Kamard lliver, lidt bank, 
just above Andao, (lat. 35“ 20': long. 07“ 53'). 

Conclusions. 

Mr. Bion summarized his conclusions as follows 

“ The fauna is dominated by laniellibraiiehs, of whicli the 
Ostraeidaj are by far the most abundant groii]). 

The conditions of deposit must have been those ol a coinjiaia- 
tively shallow sea, the maximum depth of water being readied timing 
the great Upper Cretaceous transgression. It would ajijiear us if 
during Upper Cretaceous times, Afghanistan had formed tlie eastt^ru 
extremity of the South European province. Such a generali¬ 
sation may seem premature, based as it is on a very small collection 
of fossils, nevertheless the similarity to the European fauna ih so 

marked that the inference is perhaps excusable. 
Unquestionably the chief feature of interest lies in the stiong 

European affinity of the fauna. Almost without excejition the 
species met with can be matched in Europe, and in no direction 
is this similarity more strikingly shown than in the occuiience of 

the typical Upper Chalk genera Oyphosoma and Micraslcr. 
In all, 13 species have been identified ranging, piobab y, 10m 

the Vectian ^ to the Campanian." 

* Vectian is the term adopted by A. J. Jukes-Browne for the Lower Greoasand (i roc. 

Geol. Assoc., Vol. XII, p. 262, 1891-92). 
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